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PROBLEM APPRAISAL REPORT
WATER LEVEL MANAGEMENT - UPPER MISSISSIPPI RIVER

EXECUTIVE SUMMARY

This study was conducted under the auspices of the Water Level Management
Task Force of the River Resources Forum. The River Resources Forum is an
advisory body to the St. Paul District, Corps of Engineers for implementation
of GREAT I study recommendations and coordination of river related issues.
The Water Level Management Task Force (WLMIF) is a technical advisory group
established by the River Resources Forum. The study was funded and managed by
the St. Paul District, Corps of Engineers. The WLMTF provided direction
during study scoping and served in a review capacity during various stages of
report preparation.

The purposes of the study were to increase the understanding of the
existing system of river regulation on the Upper Migsissippi River, quantify
the effects of water level management alternatives, and identify water level
management alternatives that may be feasible to implement. Pool 8 was
gselected as the study pool primarily because of the availability of existing
physical and biological data for this pool.

Ten alternative water level management measures were identified for
study. Because of time and funding constraints the WLMTF prioritized the
alternatives for study as high, medium, and low priority. The analyses of the
high priority alternatives were to quantify effects as much as practicable.
Low priority alternatives were to be evaluated in a qualitative manner. The
effects of medium priority alternatives were to be quantified where possible.
Five alternatives were assigned a medium priority, while four alternmatives
were assigned low priority. The only alternative assigned a high priority was
summer growing season pool drawdown.

The major portion of the study effort involved evaluating summer growing
season drawdown as a management measure to improve conditions for the growth
of aquatic vegetation. One-foot, 3-foot, and open river drawdowns were
evaluated for flows ranging from 9,900 cfs to 75,500 cfs. These drawdowns
would expose 2,400 to 4,600 acres, 5,600 to 9,400 acres, and 9,500 to 15,100
acres of pool 8, respectively. The amount of area exposed would depend upon
river flows at the time of the drawdown. Depending upon annual conditions, a
substantial portion of the area exposed could contain aquatic vegetation,
primarily submersed vegetation.




To provide for the desired vegetation response, a minimum of a full
growing season drawdown should be employed, with a two growing season drawdown
providing additional benefits. Drawdown would have to reoccur on a periodic
basis to be effective (once every 5 to 10 years).

In pool 8, the navigation channel could be maintained with a 1-foot
drawdown with minimal additional dredging. With a 3-foot drawdown,
substantial additional dredging (approximately 300,000 cubic yards based on
1996 channel conditions) could be required to maintain the channel. The
navigation channel could not be maintained with an open river drawdown.
Closure of the navigation channel could result in $32 million to $115 million
in direct economic losses, depending on the duration of the shutdown.

Recreation in pool 8 would be temporarily affected with a summer
drawdown, primarily by reducing boat access and by reducing the area available
for water based recreation. The larger scale drawdowns would have the largest
potential for effect. The direct adverse effects would be limited to the
duration of the drawdown, .and improved habitat conditions resulting from the
drawdown would be expected to provide long-term recreational benefits.

The conclusion of the study is that limited summer growing season
drawdowns of 3 feet or less appear implementable in pool 8 without requiring
closure of the navigation channel. The effects of limited drawdown on the
resources of pool 8 and the ability of the public to use those resources
appear manageable. Because of the potential for large-scale ecological
benefits, the implementation of limited drawdowns in pool 8 and/or other
navigation pools warrants high priority consideration by the Corps of
Engineers, river resource management agencies, and the public. '

Two of the medium priority alternatives were the isolation and water level
management of small and large backwater areas. Thirty small sites were
identified in pool 8 for isolation and management, ranging in size from 2 to
61 acres. Estimated average annual costs for isolating and managing these
water bodies on a periodic basis range from $140 to $3,800/acre affected.

Only one large backwater area in pool 8 was evaluated for this type of
management, Lawrence Lake. The average annual cost for managing Lawrence Lake
was estimated at $93/acre. The conclusion of the study is that isolation and
water level management of backwaters would provide site specific habitat
benefits that may be cost effective to obtain on a site specific basis.
However, this management measure would not have any substantial effects from a
pool-wide or systemic perspective because the area affected would be too
small.




During the winter of 1995-96 the St. Paul District, at the request of the
Upper Mississippi River Conservation Commission and the Water Level Management
Task Force, discontinued the practice of implementing a 0.25-foot winter
drawdown in all of the District pools. The conclusion of the study is that
discontinuing this minor winter drawdown may provide minor benefits to
backwater habitats at no appreciable cost, and that this management approach
should continue concurrent with further evaluation of the potential effects.

The St. Paul District navigation pools have a + 0.2 foot and + 0.3 foot
operating band in the summer and winter, respectively. The conclusion of the
study is that operating on the high gside of the band during the winter and on
the low side of the band in the summer could provide minor benefits to
backwater habitats. Therefore, this method of operation warrants further
consideration for implementation.

Increasing the frequency of dam gate adjustments on more than a daily
basis would smooth out changes in pool stages. A review of pool 8 stage
changes for the summer of 1996 indicates that the daily change is generally
less than 0.5 foot. Going to more frequent (twice daily or more) gate changes
could require remote operation of the dam gates due to personnel constraints.
An ongoing study at Lock and Dam 7 will provide further information concerning
the cost of installing remote gate operation capabilities. Because the daily
changes in pool stages do not appear to be significant, the conclusion of the
study is that further evaluation of this alternative should be held in
abeyance until the results of the Lock and Dam 7 study are available.

Modifying the distribution of flows across the dam gates has the
potential for improving tailwater habitat. There are constraints associated
with the allowable flow through any particular dam gate to control scour and
maintain the structural intergrity of the dam. Though this alternative was a
low priority alternative and not evaluated in detail, it appears that
implementation of this measure would not have a significant cost. The
conclusion of the study is that the potential habitat benefits of this measure
warrant more detailed evaluation at one or two lock and dam sites.

Large scale winter drawdowns could be used to consolidate sediments and
facilitate the construction of habitat improvement projects. This measure has
the potential for having substantial adverse effects on fish and furbearers.
Implementation of this measure would require Congressional action because it
would be in conflict with the Anti-Drawdown Law. The conclusion of the study
is that this measure does not warrant further consideration as a "stand alone"
management measure. However, winter drawdowns should be considered in
conjunction with open water season drawdowns as a measure for improving
conditions for emergent aquatic plant growth.




Spring pool raises could be used to improve conditions for species that
make use of flooded habitats such as spawning northern pike. The opportunity
at Lock and Dam 8 appears to be limited to a 2- to 3-foot raise without
requiring costly modifications to the dam and spillways. Because the
opportunities for employing this management measure appear somewhat limited,
the conclusion of the study is that this alternative should be given low
priority in future water level management planning efforts.

Changing the primary control point in pool 8 from mid-pool to the lock
and dam would provide minor habitat benefits by eliminating unnatural water
level changes in the lower portion of the pool. This alternative would likely
require the acquisition of additional flowage easements or property in pool 8
by the Federal Government. This alternative could also require Congressional
approval. Because the benefits of this management measure do not appear
significant, the conclusion of the study is that this alternative should be
given low priority in future water level management planning efforts.

The study identified potential avenues for further evaluation of water
level management alternatives. Regardless of the approach taken, an extensive
public involvement and coordination program will need to be an intergral part
of the process.
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PROBLEM APPRAISAL REPORT

WATER LEVEL MANAGEMENT - UPPER MISSISSIPPI RIVER

SECTION ONE - INTRODUCTION

BACKGROUND

The Upper Mississippi River has been modified for navigation and other
purposes for over 100 years. Construction of the 9-Foot Navigation Channel
Project resulted in a series of locks and dams on the Upper Mississippi River,
most of which in the St. Paul pDistrict were completed and operational by 1940.
The primary purpose of the locks and dams is to provide adequate water depths
to provide for a 9-foot navigation channel. Dredging is a necessary
supplement to the locks and dams to provide the required water depths.

In addition to serving the needs of commercial navigation, much of the
Mississippi River and its floodplain within the St. Paul District is managed
as part of the Upper Mississippi River National wildlife and Fish Refuge.
Congress has recognized the Upper Migsissippi River as a nationally
significant ecosystem and a nationally significant commercial navigation
system (Section 1103 of the Water Resources Development Act of 1986).

The construction of the locks and dams resulted in a series of shallow
impoundments (navigation pools) on the river. The operation of the locks and
dams results in relatively stable water levels during non-flood periods.
There has been growing interest in water level management on the Upper
Mississippi River as a means of restoring and enhancing ecological conditions.
A Water Level Management Task Force (WLMTF) has been established by the River
Resources Forum. The Upper Mississippi River Summit (now referred to as "The
Big River Partnership") has formed a task group for water level management.
Appendix A of this report contains a paper developed by the WLMTF which
summarizes the potential biological benefits associated with water level
management on the Upper Migsissippi River.

Funds became available within the St. Paul District in Fiscal Year 13396
to undertake limited investigations of water level management on the Upper
Mississippi River. St. Paul District resources were combined with those of
other Federal and State agencies to undertake a study to identify
opportunities to improve ecological conditions through water level management

1-1




and to do limited analysis of water level management alternatives. The study
was conducted under the auspices of the Water Level Management Task Force in a
spirit of interagency participation and cooperation.

Pool 8 was selected as the study pool primarily because of the
availability of existing data for this pool. Pool 8 is being monitored
intensively under the Long Term Resource Monitoring (LTRM) portion of the
Upper Mississippi River System Environmental Management Program (UMRS-EMP).
Data available for pool 8 considered instrumental to the conduct of this study
includes bathymetry, sediment type distribution, and aquatic vegetation.
Another contributing factor in the selection process is that a 2-dimensional
hydraulic model has been developed for portions of pool 8. In addition, the
presence of the City of lLa Crosse, Wisconsin, and the high level of
recreational activity that occurs in pool 8 provide the opportunity to
evaluate the effects of water level management alternatives on a number of
river uses.

The public and the river resource management agencies are keenly aware
that water levels affect river resources and public use of the river. The
focus of this study is on restoration and management of river resources,
especially aquatic vegetation, through water level management. Aguatic
vegetation is a very important component of aquatic habitat in the Mississippi
River, providing food and cover for many species of fish and wildlife.

Aquatic vegetation, especially emergent vegetation, in the river has generally
declined in extent and abundance in the six decades since construction of the
navigation dams. Water level management measures have proved to be effective
in reestablishing aquatic vegetation in shallow freshwater systems.
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PURPOSE

The purpose was to conduct an initial planning study for water level
management on the Upper Mississippi River using pool 8 as the study pool. The
scope of study included the identification of problems, opportunities,
objectives, constraints, and alternative management measures and an evaluation
of the ecological benefits, economic benefits and costs, and other potential
effects of water level management alternatives.

Specific study purposes included the following:

1. Increase stakeholders’ understanding of the existing system of river
regulation, its constraints, and its ecological effects. '

2. Quantify the ecological benefits and costs, the economic benefits and
costs, and other effects of a range of water level management alternatives for

pool 8.

3. Identify water level management alternatives for pool 8 that may be
feasible to implement, including the measures and processes that would be
necessary for implementation.

4. Develop analytical methods to evaluate water level management alternatives
for future studies and for other navigation pools in the UMRS.




SECTION 2 - EXISTING CONDITIONS

PHYSICAL SETTING

Lock and Dam 8 is part of the 9-Foot Navigation Channel Project on the
Upper Mississippi River. Lock and Dam 8 is located at the village of Genoa,
Wisconsin, approximately 20 miles south of La Crosse, Wisconsin (figures 2-1
and 2-2). The lock and dam is located at river mile 679.2, 23.3 river miles
below Lock and Dam 7, and 31.3 river miles above Lock and Dam 9. The pool
impounded by the lock and dam (pool 8) has an area of 20,810 acres at project
pool elevation 631.0 (National Geodetic Vertical Datum (NGVD) 1912
adjustment) .

The cities of La Crosse, Wisconsin, and La Crescent, Minnesota, lie at
the upper end of pool 8. The villages of Stoddard, Wisconsin, and
Brownsville, Minnesota, are located near mid-pool at approximately river miles
686 and 689, respectively.

The two main tributaries that enter pool 8 are the La Crosse River which
drains an area of 480 square miles in Wisconsin, and the Root River which
drains an area of 1,660 square miles in Minnesota. Although the Black River
empties into pool 7, a discharge of between 1,200 and 1,500 cubic feet per
second (cfs) is maintained through the Onalaska spillway during summer and 500
cfs during winter down the last 4 miles of the old Black River channel to the
point of original junction with the Mississippi River.
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Figure 2-1. General Location Map




Pool 8

Figure 2-2.




HYDROLOGY

The Mississippi River at Lock and Dam 8 drains an area of 64,770 square
miles. The drainage basin above Lock and Dam 8 includes portions of
Minnesota, Wisconsin, and South Dakota. Approximately two-thirds of the
watershed is in agricultural use; the rest is primarily forested land and
urban areas. Annual precipitation in the basin ranges from about 16 to 30
inches per year.

FLOW

Mean discharge at the U.S. Geological Survey gage located at Winona,
Minnesota, has been 28,660 cfs over a 37-year period of record ending in
September 1995. Maximum discharge recorded at the Winona gage was 268,000 cfs
on April 19, 1965. Minimum flow recorded was 2,250 cfs on December 29, 1936.

Annual flow duration (percent at or above a certain discharge level) at
Lock and Dam 8 is depicted on figure 2-3. Monthly flow durations are shown in
table 2-1.

The annual hydrograph at Lock and Dam 8 is characterized by spring peak
discharges following ice breakup, snowmelt, and spring rains. Spring runoff
usually begins near the end of March and extends through April into May. The
spring peak flow most typically occurs around mid-April. Summer flows
generally range from 20,000 to 30,000 cfs. River discharges typically
increase from fall rains in September and October. wWinter discharge is steady
and low, at about 20,000 cfs.

Plate 1 is a discharge hydrograph for Lock and Dam g8 for the years 1988
through 1995 (the hydrologic record for the Upper Mississippi River extends
back to the turn of the century). The discharge values are for releases from
the lock and dam, estimated on the basis of gate discharge ratings. The 1992
and 1994 hydrographs provide examples of the "typical" bimodal pattern of high
flows from spring runoff and fall rains, with lower flows during summer and
winter. The 1988 hydrograph illustrates a near-record low flow year. The
1991 hydrograph illustrates a relatively high-flow year, while the 1993
hydrograph depicts a year of summer flooding, with river discharge greater
than 50,000 cfs throughout most of the growing season.
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FLOW/POOL RELATIONSHIPS

Pool 8 averages about 2.7 miles wide and covers approximately 20,800
acres at low control pool elevation (flat pool at 631.0 feet). Water surface
elevation in pool 8 is measured daily immediately above the dam, at
Brownsville, Minnesota, at the primary control point at La Crosse, and at the
tailwater of Lock and Dam 7. The level of pool 8 is regulated with target
rule curves (plate 2) for water surface elevations immediately above the dam
and at the primary control point at La Crosse.

The curves shown on plate 3 indicate pool elevation by river mile at
various levels of river discharge (solid lines). During low to moderate
levels of river discharge the water surface profile of the pool is not a
simple plane, but has a steeper gradient in the upper part of the pool,
upstream of the primary control point. This change in water surface gradient
is due to the impounding effect of Lock and Dam 8, and due to intentional
regulation. The water surface profile of the pool at higher levels of river
discharge is very close to the pre-project water surface profile of the river.

The elevations shown on plate 3 are water surface elevations for the main
channel. Water surface elevations in off-channel areas can be different from
thoge in the adjacent main channel, especially at times of higher and changing
flow, as the off-channel areas of the pool £fill and drain.

The elevation differences that occur between off-channel areas and the
adjacent main channel in pool 8 have not been measured. Head differential
across the floodplain is greatest in the upper portion of pool 8, where the
river gradient is steeper, and the off-channel areas are more hydraulically
separated from the main channel. The riverbed geometry of each off-channel
area and the geometry of inlets and outlets, along with level and rate of
change of river discharge, determine the head differential between off-
channel areas and the main channel.

Wind set-up and minor seiches occur in the large open-water area at the
dowvnstream end of pool 8. Northerly and southerly winds produce the greatest
effect on lower pool 8 because of the north-south orientation of the valley.
Wind set-up corresponds approximately to 0.1 foot of elevation at the dam per
10 miles per hour of sustained wind velocity from the north.

Appendix B contains more detailed information concerning Lock and Dam 8
and water level regulation for pool 8.




TRIBUTARIES

The La Crosse and Root Rivers are the major tributaries to the
Mississippi River in pool 8. The La Crosse River has a drainage area of 480
square miles. The maximum flow measured on the La Crosse River was 8,200 cfs
in 1935 at the U.S. Geological Survey gage near West Salem, Wisconsin, where
the drainage area is 398 square miles. The La Crosse River drainage is steep,
driftless terrain. These characteristics result in rapid increases in flow
during rainfall events.

The Root River has a drainage area of 1,660 square miles. The maximum
flow measured on the Root River was 38,700 cfs in 1952 at the U.S. Geological
Survey gage at Houston, Minnesota, where the drainage area is 1,560 square
miles.

Small Wisconsin tributaries include Pammel and Coon Creeks. Wildcat Creek
is a small Minnesota tributary. None of these streams are gaged. All of
these smaller tributaries drain relatively steep, driftless watersheds, and
are flashy during rainfall events. Flow is sustained during dry periods by
groundwater and spring flow. None of the tributaries to pool 8 are regulated.




WATER QUALITY

Richardson and Clemment (1993) monitored basic water quality parameters
in pool 8 from 1988 to 1990. Samples were collected from 21 sites
representing a variety of habitat types.

Average weekly dissolved oxygen (DO) values during the study period
ranged from 6 to 17 milligrams per liter (mg/l). Cold season DO
concentrations generally exceeded 10 mg/l, while late summer values ranged
from 6 to 10 mg/l. Water temperatures peaked in late summer at about 29
degrees Celsius (C).

Winter turbidity levels were low (2 to 4 Nephelometric turbidity units
(NTU)), while summer values generally fell between 20 and 50 NTU. Some open
river sites peaked near 200 NTU during the spring thaw of 139390. Secchi disk
transparency during the winter months generally ranged between 1.25 and 1.75
meters. During the summer months, transparency was usually in the range of
0.25 to 0.50 meter.

The study found similar trends for all parameters in both vegetated and
unvegetated habitats, with the backwater contiguous habitat exhibiting the
greatest diversity in water quality.

WATER USES
EFFLUENT DISCHARGES

The Mississippi River and tributaries in pool 8 are used for the
discharge of wastewaters. Regulated effluent discharges to pool 8 are listed
in table 2-2. It is likely that there are other unregulated discharges to the
pool in the form of storm sewers and ditches.

WATER APPROPRIATIONS

The only known major water user in pool 8 is the Northern States Power
Company French Island generating station. This facility uses the Black River
as a source of once-through cooling water. Daily water use is approximately
32 million gallons. The water intakes are two 36-inch pipes with their
inverts at elevation 618.0 (Anderson, 1996). The plant’s two intake water
pumps are rated at 1.02 million gallons per hour and normal plant operation is
16 hours per day. When the plant is operating at full capacify, water intake
into the plant is about 76 cfs.




Table 2-2

Regulated Discharges in Pool 8

Name

Allied Signals

Altec International
Amoco 0il Co.

Bob Johnson 0il
Brettinggen Auto Sale
Brownsville

Citgo

Dairyland Power Co.
Dairyland Power Co.

1 WI. Robertson

Frank Len Inc.

G. Heilemens Brewery

G. Heilemens Brewery
Genoa

Huntington’s Garage

La Crescent

La Crosse (Barron Is)
La Crosse (Isle La Plume)
McCloone Metal Graphics
Mobil O0il Term. 48
National Biological Ser.
Northern States Power
Northwest Hardwoods
Stoddard

Tire Town

Torrance Casting, Inc.
Trane Co.

Young Broadcasting

WI Technical College

Location

Isle La Plume S1l.
Missiseippi River
Black River
Black River
Black River
Wildcat Creek
Black River
Mississippi River
Mississippi River
Black River
Mississippi River
Mississippi River
Mississippi River
Migsissippi River
Mississippi River
Blue Lake
Mississippi River
Mississippi River
Black River

La Crosse River
Black River
Mississippi River
Black River
Wetland

Black River

La Crosse River

Mississippi River

Mississippi River
Missigsippi River

Type

Non-contact Cooling Water
Non-contact Cooling Water
Groundwater Remediation
Groundwater Remediation
Groundwater Remediation
Wastewater Treatment Fac.
Groundwater Remediation
Non-contact Cooling Water
Non-contact Cooling Water
Groundwater Remediation
Groundwater Remediation
Cooling and Rinse Water
Non-contact Cooling Water
Wastewater Treatment Fac.
Groundwater Remediation
Wastewater Treatment Fac.
Wastewater Treatment Fac.
Wastewater Treatment Fac.
Non-contact Cooling Water
Groundwater Remediation
Wastewater

Non-contact Cooling Water
Non-contact Cooling Water
Wastewater Treatment Fac.
Groundwater Remediation
Groundwater Remediation
Non-contact Cooling Water
Non-contact Cooling Water
Non-contact Cooling Water

Source: Wisconsin Department of Natural Resources; Minnesota Department of

Natural Resources




VEGETATION

General land cover types for pool 8 are shown on figure 2-4. Terrestrial
vegetation present on the remaining islands and floodplain in pool 8 is
typical of the northern floodplain forest. Dominant tree species include
silver maple (Acer saccharinum), cottonwood (Populus deltoides), American elm
(Ulmus americana), river birch (Betula nigra), and green ash (Fraxinus

pennsylvanica) . Mixed stands of black willow (Salix nigra) and sandbar willow
(Salix exiqua) dominate areas along the water’s edge. Common shrub species
include button bush (Cephalanthus occidentalis), red osier dogwood (Cornus
stolonifera), panicled dogwood (C. paniculata), silky dogwood (C. amomum),
false indigo (Amorpha fruticosa), staghorn sumac (Rhug typhina), smooth sumac
(R. glabra), and honeysuckle (Lonicera sp.). Herbaceous layers, when present,
are often dominated by poison ivy (Rhus radicans) and stinging nettle (Urtica
dicica). Reed canary grass (Phalarig arundinacea) occurs in areas where silt,
deposited during high water, remains dry during most of the summer.

Aquatic vegetation within the pool is varied. Common plant species
present in the shallower areas include arrowhead (Sagittaria latifolia),
water-1lily (Nuphar sp. and Nymphaea sp.), river bulrush (Scirpus fluviatilis),
giant bur-reed (Sparganium eurycarpum), lotus (Nelumbo lutea), coontail
(Ceratophyllum demersum) and elodea (Elodea canadensis). Deeper areas are
vegetated with pondweeds (Potamogeton sp.), coontail, and wild celery
(Vallisneria americana). The density and extent of vegetation in the open
lake-like portion of lower pool 8 are limited, presumably due to the
progressive loss of islands and the resultant increased wind fetch and
associated increased turbidity.

Aquatic vegetation in pool 8 and in much of the Upper Mississippi River
has generally declined in abundance and extent. Initially abundant with "new
reservoir" productivity in the decades following dam construction and
impoundment of the navigation reservoirs, aquatic vegetation has declined in
part due to the effects of continuous impoundment. The low water levels
associated with summer low river discharge and periodic droughts have not
occurred since construction of the dams, because minimum project pool
elevations are maintained for navigation. Agquatic vegetation declined
markedly during the 1988-1989 drought period, probably due to a combination of
factore having to do with the underwater light climate and availability of
plant nutrients in the sediments. Submersed aquatic vegetation in pool 8 has
rebounded in recent years, but the extent of emergent aquatic vegetation
remains limited compared to past years.
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FISH AND WILDLIFE

Habitat types present in pool 8 include most of the classifications of
Wilcox (1993). The most prevalent aquatic habitats include contiguous
impounded, contiguous floodplain shallow aquatic, main channel border and
navigation channel habitats. The important characteristics of these habitat
types, relative to fish and wildlife uses, are described below.

Contigquous Impounded - Contiguous impounded habitat in pool 8 lacks
bathymetric diversity (figure 2-5). Low elevation islands, once fairly
prevalent throughout the contiguous impounded habitat in pool 8, have been
reduced to a few scattered remnants in the lower 7 miles of pool 8. Water
depths vary from 3 to 7 feet; however, abrupt topographic variation is
generally lacking. Vegetation is absent or sparse.

Contigquous Floodplain Shallow Aguatic - The primary delineator that

separates contiguous impounded habitat from contiguous floodplain shallow
aquatic habitat is an interspersion of emergent islands. Shallow aquatic
habitat is characterized by water depths typically less than 3 feet and a mix
of emergent, rooted floating aquatic and submergent aquatic vegetation.
Sheltered areas generally have lower water velocities than unsheltered areas
and exhibit more vigorous and diverse stands of aguatic vegetation.

Main Channel Border - Main channel borders are the areas between the
navigation channel and the riverbank. Channel borders contain the channel
training structures (wing dams, closing dams, revetted banks), and thus a
diversity of depths, substrates and velocities can be found in this habitat
type. Normally, channel borders lack rooted aquatic vegetation, although
vegetation may be present in isolated patches.

Navigation Channel - Navigation channel habitat is a minimum of 9 feet
deep and 300 feet wide. No aquatic vegetation is present. Current velocities
are much higher in the navigation channel than in most other habitat types.

Secondary Channel - Another important, but not as prevalent, aquatic
habitat found in the lower portion of the pool is secondary channel habitat.
Secondary channel habitat in pool 8 is characterized by deep water (typically
6 to 18 feet), a lack of rooted vegetation except along margins, and flow
under normal pool conditions. Crosby Slough is representative of this
habitat. Secondary channels are important for maintaining an interspersion
and diversity of habitat types and contributing to the redistribution of
organic matter and dissolved oxygen. Deeper holes in these channel areas
provide important winter habitat for fish.
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WILDLIFE

Located in proximity to northern boreal, prairie, and eastern hardwood
biomes, and on a major migratory bird flyway, pool 8 supports a diversity of
wildlife including many species of waterfowl, wading birds, raptors,
furbearers, rodents, large mammals, reptiles and amphibians. The
interspersion of aquatic, wetland and terrestrial areas in the pool 8 area
provides valuable habitat for an abundance of wildlife. Bald eagles
(Haliaeetus leucocephalus) are common during migration and some nest along the
river in pool 8. The area is especially important for diving ducks, tundra
swans (Cygnus columbianus), Canada geese (Branta canadensis) and other
waterfowl that use the aquatic and wetland habitats for resting and the
wetland and adjacent terrestrial habitats for feeding during migration.
Because of its importance to waterfowl, a large portion of lower pool 8 has
been designated by the U.S. Fish and Wildlife Service as a closed area during
the hunting season. The importance of the area is emphasized by the
designation of the Upper Mississippi River as a waterfowl area of major
concern .in the North RAmerican Waterfowl Management Plan.

AQUATIC LIFE

The Upper Mississippi River is an ancient river system that has had a
number of connections to other drainages during glacial times. This long
geomorphic history and the mix of channel and shallow aguatic habitats in pool
8 has resulted in a high diversity of aquatic life. Species adapted to both
lentic and lotic conditions are prevalent. Common species typically found in
association with backwater areas include black crappie (Pomoxis
nigromaculatus), bluegill (Lepomis macrochirus), shortnose gar (Lepisosteus
platostomus) and largemouth bass (Micropterus salmoides) . Species typically
found in association with main channel/side channel habitats include sauger
(Stizostedion canadense), walleye (S. vitreum vitreum), channel catfish
(Ictalurus punctatus), flathead catfish (Pylodictis olivaris), freshwater drum
(Aplodinotus grunniens), redhorse sucker (Moxostoma sp.) and white bass
(Morone chrysops). Carp (Cyprinus carpio) and a variety of minnows are also
commonly found in association with a wide variety of habitats. Fish sampling,
conducted from 1989 to 1993 by the LTRM program in lower pool 8, indicated
catch rates and species richness were low in open impounded areas compared to
other habitats on the river. Shoreline areas appeared to have greater species
richness than did offshore areas.

Woody debris and rock placed for bank revetments and channel training
structures provides an abundance of hard substrate for filter-feeding
invertebrates such as caddisflies (Hydropsyche spp.) and midges
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(Glyptotendipes spp.) which in turn provide food for many species of lotic
fishes. S8ilt and clay substrates in pool 8 support burrowing and filter-
feeding macroinvertebrate species, including mayflies (Hexagenia spp.), and
fingernail clams (Musculium sp. and Physa sp.). Macroinvertebrates are most
abundant in silt and clay substrates within aquatic plant beds. An abundance
of macroinvertebrates occur on aquatic plants, and provide a primary food base
for lentic fishes in pool 8.

A number of surveys for Unionid mussels have been conducted in pool 8 in
association with other studies and projects. The results of those surveys
give an indication of the mussel resources present in pool 8. The mussel
resources of upper Crosby Slough are relatively unimpressive. Fifteen live
individuals representing five taxa were collected during a September 1994
sampling effort. Threehorn (Obliquaria reflexa), threeridge (Amblema
plicata), pink papershell (Proptera laevissima), hickorynut (Obovaria
olivaria), and white heelsplitter (Lasmigona complanata) were collected.

A similarly unimpressive mussel resource was sampled from the mouth of
the Lawrence Lake area in August 1995. One mapleleaf (Quadrula guadrula), one
pimpleback (Quadrula pustulosa), eleven threehorn and three threeridge were
collected.

In contrast are the mussel beds sampled in lower Crosby Slough, Raft
Channel, Stoddard Bay and the Heron/Trapping Island area of pool 8. Extensive
mussel surveys have been conducted in these areas. The mussel beds are fairly
diverse, but dominated by a few species. Threeridge, mapleleaf and threehorn
were the most commonly collected and most abundant species in Stoddard Bay.
Other species present, but less abundant, included the giant floater (Anodonta
grandisg), pink heelsplitter (Proptera alata), pimpleback, pocketbook
(Lampsilis ovata ventricosa), white heelsplitter and deertoe (Truncilla
truncata) .

A higher diversity of mussel species was sampled in lower Crosby Slough.
In addition to those listed above for Stoddard Bay, the following species were
also collected from lower Crosby Slough: rockshell (Arcidens confragosus), fat
mucket (Lampgilis radiata giliquoidea), hickorynut, pink papershell, fragile
papershell (Leptodea fragillis), washboard (Megalonaias gigantea), paper
floater (Anodonta imbecellisg) and wartyback (Quadrula nodulata). The mussel
beds in portions of Crosby Slough are fairly extensive and are indicative of a

transition area between channel species and backwater species. Mussel beds
appear to be concentrated on the eastern shelf and side slopes of Crosby
Slough. Surveys indicate mussel beds in the upper portion of the lower slough
are more diverse in species composition and higher in population densities.
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The mussel resources of Raft Channel are diverse and moderately dense.
As with lower Crosby Slough, the beds appear to be concentrated on the rather
abrupt side slopes of the channel. Most of the species listed previously were
gsampled in Raft Channel. One additional species not previously mentioned was
collected--the butterfly (Ellipsaria lineolata).

Mussel surveys conducted in the Heron/Trapping Island vicinity revealed
an impressive bed of mussels dominated by threeridge. Of particular note,
however, is the collection of a federally endangered Higgins’ eye pearly
mussel (Lampsilis higginsi) from the Heron/Trapping Island vicinity. The
presence of this species is noteworthy because L. higginsi are typically
associated with both dense and diverse beds of mussels, although single
collections of this species are not uncommon.

In almost all recent mussel surveys conducted in pool 8, the non-
indigenous species, the zebra mussel (Dreissena polymorpha), has been

collected.




THREATENED AND ENDANGERED SPECIES

Two federally listed endangered species, the peregrine falcon (Falco
peregrinus) and Higgins’ eye pearly mussel may or do, respectively, occur in
pool 8. One federally listed threatened species, the bald eagle, does occur
in pool 8. The peregrine falcon and the bald eagle may be sighted during
migration. Bald eagles occasionally use trees on islands and in the adjacent
wooded floodplain areas for roosting.

One historical record and one recent record of the Higgins’ eye pearly
mussel are known from pool 8. Mussel surveys conducted in the early 1980’s
adjacent to the navigation channel, in 1989 in the Pool 8 Islands Phase I
habitat project area, and in 1991 in Crosby Slough did not indicate the
presence of Higgins’ eye in these areas. Mussel surveys conducted in August-
September 1994 near the Stoddard boat ramp did not reveal the presence of
Higgins’ eye pearly mussels at this site. A mussel survey was conducted in
Stoddard Bay and in the area below Heron and Trapping Islands in 1995. This
survey did not reveal the presence of any Higgins’ eye pearly mussels in
Stoddard Bay. However, one Higgins’ eye pearly mussel was located below Heron
and Trapping Islands in 1995.

A State threatened (Iowa) and endangered (Wisconsin) butterfly was
collected from Raft Channel, while a State threatened (Wisconsin) wartyback
was collected from lower Crosby Slough.

Fish sampling by the LTRM program has identified three Wisconsin-listed
endangered fish species in pool 8--pallid shiner (Notropis amnis), crystal
darter (Ammocrypta asprella), and skipjack herring (Alosa chrysochloris). 1In
addition, the program has identified four Wisconsin-listed threatened fish
species present in pool 8--speckled chub (Hybopsis aestivalis), blue sucker
(Cycleptus elongatusg), river redhorse (Moxostoma carinatum) and black buffalo
(Ictiobus niger). In 1994, one young-of-the-year blue sucker was collected

near the Benover Slough opening in the Pool 8 Islands Phase I project area.
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CULTURAL RESOURCES

Robert F. Boszhardt, of the Mississippi Valley Archeology Center (MVAC),
has conducted the most recent detailed study of pool 8, which he completed in
1989. The study focused on the lower part of pool 8 for the barrier islands
project. In this study, Boszhardt reviewed the literature on pool 8 to date
and reported on his phase I archeological survey of the project area. Much of
this overview is drawn directly from Boszhardt’s report, with some cuts and
editing (Boszhardt, 1989%a).

No bverview cultural resources study involving field work has been
undertaken in pool 8, according to Boszhardt. One literature/archival records
review found a number of prehistoric and historic sites along the margins of
pool 8 that include mounds, camps, villages, and structures representing some
10,000 years of human presence (Overstreet, 1982). Within the pool itself,
archaeological sites have been recorded for two higher sandy landforms that
likely represent cutoff or outlier terraces: these places are Goose Island and
the White Camp area on a point just southwest of Stoddard. Both of these
landforms have extensive remains of prehistoric occupation, ranging in time
from Late Archaic to Oneota. The 1983 literature and records review by
Overstreet also documented a few historic sites in pool 8, consisting of a
bridge and the sunken steamboat wreck, the Eg; Eagle, both near La Crosse.

A few surveys of selected or specified portions of pool 8 were undertaken
in the 1980’s. These included a survey in 1983 by an undergraduate student at
the University of Wisconsin-La Crosse as an independent study project, a
compliance survey of Hintgen Island by the Mississippi Valley Archaeology
Center in 1988 and a survey of a small area at the upper end of the pool by
MVAC (Boszhardt, 1988). These surveys found little evidence of cultural
remains other than a few flakes on the upper end of Hintgen Island and remains
of the former steamboat ferry landing ("Grand Crossing") that connected La
Crosse and La Crescent prior to bridges. 1In addition, informants have
reported a prehistoric archaeological site at Pettibone Island, and MVAC
undertook an archival study of the island that focused on reports of 1830s to
18408 fur trading posts and Winnebago camps (Boszhardt, 1989Db) .

Boszhardt’s literature review included an examination of county histories
for Houston (Minnesota) and Vernon (Wisconsin) Counties, which border the
pool, accounts of early explorers and travelers through this portion of the
Upper Mississippi River, historic maps of the relevant portion of the
Mississippi floodplain beginning with the Government Land Office Surveys (1846
for Wisconsin and 1851-53 for Minnesota) and continuing until the lock and dam
construction, and miscellaneous documents such as steamboat records housed at
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the Area Research Center at the University of Wisconsin-La Crosse and fur
trade accounts from the Green Bay and Prairie du Chien records in the archives
of the State Historical Society of Wisconsin (copies of which are on file at
MVAC). In addition, Boszhardt interviewed local collectors or other persons
familiar with the floodplain. The field work consisted of travel to the
various islands. At the time of the survey, the water level was at a
relatively low stage, allowing pedestrian survey of the shorelines and
beaches. Conditions for this type of coverage were excellent. The shorelines
were walked by two persons. In addition, exposed back cuts were troweled
clean and corings using a l-inch-diameter oakfield soil probe allowed
evaluation of stratigraphic sequences.

The results of Boszhardt’s study leave unanswered many questions about
the existence of cultural resources in pool 8. Informant interviews, he
relates, did not reveal knowledge of archaeological or historic sites in the
project area specifically, but did lead to the reporting of two prehistoric
sites farther upstream in pool 8. Historic accounts found reference to an
1842 fur trade post at the foot of Coon Slough and several steamboat wrecks in
Coon Slough itself. One of the wrecks may have occurred along the shore of
one of the proposed barrier islands.

Boszhardt notes that the 1842 fur trade post was recounted by Nathan
Myrick some 40 and 50 years later. In these accounts, he referred to a post
operated by Henry B. "Scoots" Miller at the foot of Coon Slough. Miller
became Myrick’s partner later that year at La Crosse. Two trading posts are
also documented on the Government Land Office survey plats for the area at the
foot of Coon Slough, though these were probably not the same as Miller’s. One
post is shown on the Wisconsin mainland just above Genoa (Brown, 1846). The
second post is shown nearly opposite the main channel on the Minnesota shore
on what is floodplain. These posts were strategically situated at the point
where Raft Channel and Coon Slough merge, thus providing control over fur
trade traffic along the river and as convenient points to provide wood fuel
for steamboats in the summer months. Farther upstream in pool 8, accounts
refer to a post opposite the mouth of the Root River operated by Francois La
Bathe in the late 1830’s-early 1840’s. La Bathe is known to have operated
both trading posts and woodyards ("Chantiers") along this portion of the Upper
Migsissippi- River during that period (Boszhardt, 1989b).

As noted earlier, although the main ("Raft") channel flowed west of
Island 120, the deeper, swifter current of Coon Slough to the east was
preferred by steamboats, Boszhardt says. However, as Coon Slough was more
crooked than the Raft Channel, this led to several recorded steamboat wrecks.
These include the wreck of the Lady Franklin at the foot of Coon Slough in
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1856 and of the Northern Light at the first bend below the bend of Coon Slough
in 1866. The location of the wreck of the Northern Light described as the
first bend below the bend of Coon Slough could correspond with the lower
(southeasternmost) proposed barrier islands; however, George Merrick
(1987:103) described the wreck as having occurred at the sharp bend in Coon
Slough, which probably referred to a bend lower down in Coon Slough than the
project area.

No wrecks were found to be recorded for the Raft Channel along the west
side of Island 120, and other than maps, no reference to the Raft Channel was
located in the documents reviewed. It seems logical that this channel, being
straighter than Coon Slough, was preferred by the large lumber rafts after
about 1850. In fact, several sawmills are recorded in 1878 at Brownsville
just upstream from Island 120, including one at the head of the island
immediately below the town. The first wreck of the steamboat lumber raft
Bella Mac occurred in April 1882 2 miles above Brownsville as the raft was
returning to La Crosse for a load of lumber. This wreck, with a loss of nine
lives, was caused by a boiler explosion. The stricken vessel drifted 2 miles
downriver where it became stranded on the Wisconsin shore (probably just above
Island 120). The Bella Mac was salvaged and rebuilt later that summer. No
other record of historic sites on Island 120 or adjacent floodplain landforms
was located.

Surface collection of exposed shorelines found a short concrete and rock
wall at the very northern tip of Island 120. The wall is now separated from
the island by a few meters and lies slumped due to erosion. From this
foundation to the southeast for about 40 meters were scattered late historic
artifacts including round nails and round spikes. These suggest the
possibility that a small building was located at this site; however, no
structures were found depicted on any historic maps of the area including the
detailed 1929-31 Brown surveys. The index to 1933-34 pre-lock and dam flowage
charts shows a trail, leading from this area of Island 120 down along the west
shore, that may be related to these materials.

Other artifacts recovered along the northeast tip of Island 120 include a
chain and padlock, a boat plug, a 1937-38 copper Wisconsin trappers tag, and a
railroad spike. Other than the railroad spike, these materials probably
reflect sporadic visits to this site by boaters, trappers, hunters, etc. The
presence of a railroad spike is anomalous. It may have been associated with
installment of rock revetment along this shore in the late 1800s. This
revetment is shown as having been in place on the 1894 Mississippi River
Commission Chart (No. 171), and penciled-in notations on 1877 Navigation
Improvement maps indicate the revetment was placed here in the 1880s. Small
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sections of old revetment were observed in places along this shore, generally
several meters out from the present shore.

In addition, the pedestrian survey along these shores observed numerous
large stumps several meters out into the water, suggesting extensive erosion
since the construction of the lock and dam as well as evidence of historic
sediment alluviation. The stumps observed were of large trees, all sheared
off at the same level, presumably reflecting clearing practices in advance of

inundation of pool 8.

Evidence for historic alluviation was observed in exposed bank profiles
along the extreme northeast end of Island 120 and in several soil probes. The
highest exposed banks at the time of the survey stood 1.4 meters above the
water level. Sediments exposed in these banks consisted of banded light and
dark, medium-fine sand suggesting recent flood aggregation. In a few places,
solid silt benches were exposed at the water level. These likely represent
the original (pre-1850) island matrix. Coring farther down the shore of
Igland 120 found only medium-fine sand to the water table, suggesting the
original island surface is entirely submerged at these places.

In addition, on the southeasternmost islands being considered for the
barrier island, the survey found rock scattered over their grassy surfaces.
This undoubtedly represents ice movement of the old rock revetment across the
island surface, says Boszhardt. Ice-formed ramparts were observed at several
places along these shorelines. 1In front of these small island remnants,
numerous large, old stumps also mark the original island shore several meters
into the water. '

In conclusion, Boszhardt states, it is clear that much of the original
igland formation at the proposed barrier island has been either lost to
erogion or inundated from the pooling above Lock and Dam 8. While these
iglands continue to erode, the survey also found that they had been subjected
to historic accretion since Euro-American clearing of the land was initiated
upstream about A.D. 1850. 1In light of the strategic location of the proposed
pool 8 barrier islands at a point where the Mississippi River main channel
divides, and given documented prehistoric and early historic use of the Upper
Migsissippi River floodplain by numerous successive cultures, it seems likely
that archaeological deposits exist on the proposed islands, buried by post-
settlement alluvium and/or now beneath the artificially raised water levels of
pool 8. However, no evidence for potentially significant cultural resources
was located during the Phase I survey.
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Boszhardt has reported that a mussel hunter found several sites in the
Goose Island area. The sites contained ceramic materials and burned rock
(Anfinson, Personal Communication, 17 February 1996) .

Data drawn from a recent database completed for pool 8 shows that 138
sites exist within the floodplain and its surrounding lands, as of the spring
of 1995. Of these, 63 occur within the navigation zone. The navigation zone
is defined as the areas within the Mississippi River main channel, island and
backwater corridor and extending landward one-quarter mile past the railroad
grade or principal meander belt levee shown on the 7.5-minute U.S. Geological
Survey quadrangle, regardless of ownership. The navigation zone also includes
publicly owned backwater sloughs in leveed districts where water levels are
controlled. The navigation zone does not include the crest of the bluff even
if it lies within the one-quarter mile corridor. Sixteen sites have been
located on islands. Thirty-one of the total number of sites lie on channel
shorelines: 21 on side channel shorelines and five each on tributary and main
channel shorelines.

The nature of the sites listed is as follows:

Mounds: 20 Petroglyphs: 2 Cemetery: 21
Habitation: 76 Lithic Scatter: 2 Shipwreck: 1
Unknown: 7 Isolated Find: 1 Industrial: 1
Farmstead: 1 Rock Shelter: 1

The great majority of these sites (96) have not been evaluated for their
National Register significance; 15 have been found not eligible and six have
been found eligible. Four of the six eligible sites fall in the navigation

zone.

The Mississippi River Commission maps for pool 8 show numerous roads in
the floodplain leading to agricultural lands and, in some cases, structures.
The presence of these roads and structures demonstrates the potential for late
19th century use of the floodplain.

Based upon MVAC’s findings and on past studies of pool 8, the
probability for finding sites along the shorelines of the pool is good.
However, older sites may be buried under significant levels of alluvium. The
geomorphological study being conducted in 1996 should be able to provide
detailed information to verify or alter this conclusion. The best strategy to
take in evaluating the impact of the various water level management
alternatives may be archeological monitoring.




SOCIOECONOMIC SETTING

The setting of the upland areas bordering lower pool 8 can be
characterized as rural-small town. The developed communities bordering the
study area include Brownsville on the Minnesota side of the river, and
Stoddard and Genoa on the Wisconsin side. Browngville has an approximate
population of 500, while the approximate populations of Stoddard and Genoa are
800 and 300, respectively. The rural areas bordering lower pool 8 contain a
mixture of agriculture and wooded areas. Flat areas on the bluff tops and in
the stream valleys are farmed. Those areas too steep for farming are wooded.

lLa Crosse, Wisconsin, with an urban population of over 75,000 and La
Crescent, Minnesota, (population 4,000) are located in the upper portion of
pool 8. Lower pool 8 is bounded by transportation corridors on both sides of
the floodplain. Railroad tracks border both sides of the river in lower pool
8. On the Wisconsin side, State Highway 35 parallels the river, while on the
Minnesota side, State Highway 26 follows the river.

TRANSPORTATION INFRASTRUCTURE

Interstate 90 crosses the Mississippi (river mile 701.8) and Black (river
mile 2.5) Rivers, County B crosses the Black River at river mile 1.7, and
State Highway 14/16/61 crosses the Migsisgsippi River at river mile 697.5.
These are the only highway crossings in pool 8, and all are located in the La
Crosse area. There is one railroad crossing in pool 8 at Mississippi River
mile 699.8 and Black River mile 1.0.

Submerged cables and/or pipelines cross the Mississippi River at river
miles 697.6, 697.8, and 699.8. Three submerged cable and/or pipeline
crossings of the Black River occur between river miles 0.0 and 1.0. '




RECREATION

Public recreation areas in lower pool 8 are Goose Island Park and Wildcat
Park. Goose Island Park is 645 acres in size and is located on the Wisconsin
side of the river at river miles 691 to 693. The park is not located on the
main channel; however, boat access to the main channel is available via Mormon
Slough and other backwater routes. The main focus of the park is for
picnicking, camping, and as an access point to the river and adjacent
backwaters.

Wildcat Park covers 105 acres and is located on the Minnesota side of the
main channel at river mile 688. The primary focus of this park is also for
picnicking, camping, and as an access point to the river. Recreational
facilities and public access are also available in Brownsville, Stoddard, and

Genoa.

There are no accurate counts of the total number of boaters who use
pool 8. Information compiled from a variety of sources suggests that pool 8
comprises 10 to 12 percent of the total boating use in the St. Paul District
(through pool 10). A rough estimate of the digtribution of use among pools,
applied to the total number of annual boaters measured in the Economic Impacts
of Recreation study (Carlson et al., 1995), suggests there are approximately
450,000 boater visits in pool 8 annually (nearly 175,000 boats) .

Boaters can access pool 8 from 36 sites, including 15 marinas (plate 4).
Launching ramp sites are distributed fairly evenly up and down the pool, while
the marinas are located primarily in the upper pool. There are approximately
1,140 marina slips in pool 8, with 90 percent located in the upper stretches.

Information about boaters making recreational lockages is quite limited
in comparison to information about commercial lockages. The total number of
recreational craft locking through Locks and Dams 7 and 8 has varied from
7,000 to over 9,000 annually in the 1990’s; each lockage averages about 3.8
craft.

Research based on a limited sample of recreational lock users in pools 7
and 8, conducted in 1994, provides additional insight into recreational
boaters using lock 8 (Vogel, Titre, and Chilman, 1995). While the sample
gurveyed was too small to provide high confidence in the specific percentages
identified, the results provide useful indicators with regard to potential
effects of proposed water level management alternatives.




The study found that 70 percent of boaters locking through Lock 8 lived
outside the pool 7 and 8 study area. This is in stark contrast to the boaters
who do not lock through, with 80 percent residing in the local area.

Nearly 75 percent of the boaters using lock 8 can be considered frequent
users of the river (boating weekly or several times monthly), with the
remaining 25 percent participating only a few times each year.

Locking through is a relatively infrequent activity for most. The
majority of boaters (70 percent) reported locking through "occasionally" or
"rarely" in comparison to the total number of trips they take on the river.

REAL ESTATE

The primary purpose of the navigation dams in the St. Paul District is to
maintain a minimum channel depth of 9 feet for navigation. To allow
navigation, project pool elevations must be maintained at or above project
pool elevation at the primary control points. Operation of the dams is
required at low and moderate flows, but the dams are not needed during high
flows, and dam gates must be raised from the water well before flood stages
are reached. Except for water that goes into valley storage as the inflows
increase, all inflow must be discharged.

Prior to construction of the dams, field surveys established the ordinary
high water profile. The location of the primary control point for pool 8 was
determined to be at lLa Crosse, Wisconsin, at river mile 696.85. Project pool
elevation of 631.0 is maintained at the primary control point, and the pool
elevation at the dam is allowed to fall as the discharge increases. Drawdown
at the dam is limited to 1 foot so that conditions for navigation and fish and
wildlife are not damaged by extremely low water.

On navigable lakes and rivers, the Fede;al Government can use the
riparian lands up to the ordinary high water mark for navigation, through the
right of navigational servitude. By use of the mid-pool control point method
of operation, the only area above the ordinary (pre-project) high water mark
overflowed by operation of the dam is between the control point and the dam.
This method of regulation greatly limited the area above the ordinary high
water mark affected by dam operation and limited the cost to the Government of
acquiring real estate flowage rights.

The Federal Government acquired virtually all the land in pool 8 for
establishment of the Upper Mississippi River National Wildlife and Fish Refuge

2-26




and for construction of the Mississippi River 9-Foot Channel Navigation
Project. Land and water areas were acquired in fee title, and flowage
easement was obtained on land around the periphery of the lower half of the
pool. The Corps of Engineers and the U.S. Fish and Wildlife Service
administer the federally owned land in pool 8.

Federal land in pool 8 was acquired in fee title primarily in the areas
below project pool elevation and on islands within the pool. Federal
Government rights of use on the Federal fee title land in pool 8 are complete.
There are no legal restrictions against overflowing of water on the fee title
land.

In areas that would be flooded intermittently by intentional regulation
of Lock and Dam 8 and that were above the ordinary high water mark, flowage
easement rights of use were acquired by the Federal Government prior to
initial operation. These areas extend along the periphery of pool 8 from the
primary control point at La Crosse downstream to Lock and Dam 8. Flowage
easement rights of use were acquired for properties along the pool shoreline
between the control point and the dam that were not acquired in fee title.

Flowage easement properties were acquired along the pool shoreline in
order to encompass the land lying above the ordinary high water mark that
would be overflowed by operation of the dam. The ordinary high water mark was
a legally defined line along navigable rivers where recurring water levels
prevented use of the land for agricultural or other purposes. In practice,
the ordinary high water mark was identified by changes in vegetation cover and
stranded debris. The flowage easements were acquired tract by tract, not up
to any particular elevation, in order to encompass the pool downstream of the
control point at La Crosse. The landward boundaries of most of the flowage
easements, therefore, do not follow a particular elevation contour, but are
assumed to be at least a few feet above the water surface elevation profile of
the pool when the dam goes out of control at 95,000 cfs.

The flowage easement boundaries are described in the taking documents by
metes and bounds. Flowage easement boundaries around pool 8 have not been
monumented. Many flowage easement properties are narrow bands along the
shore. Flowage easements were acquired along the railroad embankments that
follow much of the pool 8 shoreline, for example, and are very narrow. The
relationship between elevation and the landward boundaries of flowage easement
properties cannot be defined exactly, lacking detailed elevation surveys.




Rights of use on flowage easement are defined in the eminent domain
taking orders issued for the various flowage easement properties in Federal
District Courts:

"...flowage easement being the full, complete and perpetual right,
power, and privilege to overflow each and all of the tracts of land described,
together with the right, power and privilege to cut, remove, and dispose of
all wood, timber, and other natural and artificial structures, projections, or
obstructions on said land, or in the slack-water pool created or to be created
by said lock and dam, or on the margins thereof, which may in any way or at
any time shall interfere with navigation or the use of the lands and pool for
the maintenance and operation of said lock and dam, or to render said lock and
dam, or the pool created thereby, inaccessible, unsafe, or unsanitary,
together with the right to enter upon said lands from time to time, as
occasion may require for any of the purposes aforesaid."

This language is unequivocal on the right of the Federal Government to cause
water to overflow the flowage easement property.

The Corps of Engineers acquired 9,496 acres of land and 635 acres of
easements and obtained special rights on 14,588 acres of land and water area
in pool 8 administered by the U.S. Fish and Wildlife Service prior to initial
project operation (figure 2-6). All of the Corps-administered land except for
recreation areas at Goose Island Park, Wildcat Park, Stoddard Park, and at the
lock and dam have been placed under cooperative agreement for management by
the U.S. Fish and Wildlife Service as part of the refuge system. Aside from
land acquired for construction of Lock and Dam 7, the Corps of Engineers did
not acquire any land or flowage easements in pool 8 above the primary control
point.
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Figure 2-6. Federal Land Ownership in Pool 8
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SECTION THREE - PLANNING CONSIDERATIONS

GOALS AND OBJECTIVES

Goals and objectives for a resource such as the Upper Mississippi River
can vary greatly depending upon perspective. Federal and State agencies have
mandates that require them to focus on particular aspects or uses of river
resources. The public and users of the river all have their perspectives on
desired future conditions of the river, and on what functions or uses should
receive priority for management.

The overall goal for this water level management study is to improve
ecological conditions in pool 8 through water level management. The Water
Level Management Task Force collectively agreed that modifications to river
regulation that result in a more natural (unregulated) hydrologic regime would
improve ecological conditions. The Water Level Management Task Force drafted
the following overall goal for this study.

'Revitalize the river’s natural processes to encourage drying and
scouring to increase habitat diversity and quality for the benefit of a range
of fish and wildlife species indigenous to the Upper Mississippi River.’

Specific objectives that describe desired future conditions are normally
defined in the course of water resource planning efforts. Specific objectives
for the future condition of pool 8 and the Upper Mississippi River that are
ecologically sustaining and socially desired have not been defined through a
planning process for integrated management. The Water Level Management Task
Force did agree upon a set of more limited objectives to be attained through
water level management for purposes of this study. These objectives are:

1. Establish annual emergent aquatic vegetation.
2. Establish perennial emergent aquatic vegetation.
3. Establish submersed aguatic vegetation.

4. Consolidate high water-content sediment.




Thegse first four are the primary objectives for water level management
identified for this study. The following cbjectives relate to certain water
level management alternatives.

5. Improve tailwater habitat conditions.

6. Provide a more natural flood hydrograph.

7. Enable the use of excavating equipment to construct habitat projects.

Each water level management alternative considered in this study has one
or more associated objectives. These are discussed in Section 4 in the

description of the alternatives.




OPPORTUNITIES AND CONSTRAINTS

All eystems of river regulation have opportunities for improvement and
constraints on change. The water regulating structure (Lock and Dam 8)
provides an opportunity to manage water levels in pool 8 for purposes in
addition to commercial navigation. This is a significant opportunity because
much of the pool can be affected with the use of an existing water control
structure. Water level management is commonly used to improve the ecological
condition in regulated freshwater systems. Water level management experiences
from around the world amply demonstrate that opportunity exists for improving
the ecological conditions of the Upper Mississippi River.

Constraints on changing the present system of river regulation include
hydrologic, engineering, legal and administrative constraints (Wilcox and
Willis, 1993). ZLock and Dam 8 has physical constraints that determine the
range over which water levels can be managed (elevation) and how rapidly
changes can be achieved (discharge capacity) . Appendix B of this report
addresses the constraints associated with regulation of pool 8. These
constraints can be summarized as follows:

Hydrologic - Inflow to pool 8 is largely unregulated and is determined by
precipitation and runoff.

Engineering - The dam design limits the range of water level regulation.

- Pool 8 is part of the Upper Mississippi River 9-Foot Navigation
Channel Project and must be regulated as part of this system.

- The rate of change in the releases from the dam is determined by
discharge capacity of the gate portion of the dam, the gate operating .
mechanisms and controls, and the availability of personnel to change gate
settings.

. Distribution of flow between gates across the face of the dam is
limited by the need to avoid exceeding velocities that might scour the base of
the dam.

Legal - A number of laws and regulations govern the regulation of pool 8.

- Pool 8 is part of the Upper Mississippi River 9-Foot Navigation
Channel Project, and adequate water depths for navigation must be provided.




- Regulation of pool 8 cannot inundate non-Federal lands for which the
Federal Government has not obtained the legal rights of use such as fee title
or flowage easements.

- Changing the present system of regulation could have significant
effects on the ecology of the river and the human environment, requiring
analysis of these potential effects and compliance with the substantive and
procedural requirements of the National Environmental Policy Act and a number
of other laws and regulations.

Administrative - Administration of Corps of Engineers water control
management activities is described in internal agency Engineering Manual 1110-
2-3600, dated November 30, 1987. The Corps system of water control management
imposes procedural and substantive requirements on changing reservoir
regulation plans.

Because regulation of the Upper Mississippi River is a complex, high-
stakes enterprise, constraints on changing the present system are
correspondingly complex. Other than the hydrologic constraints, however, all
the constraints on changing the present system of river regulation have been
imposed by construction of the navigation system and by laws and regulations.
These constraints are possible to change. One area of emphasis in this study
has been to identify and to quantify, where posgible, the constraints
associated with water level management altermatives that involve changes to
the present system of river regulation.

Ecological - In addition to contraints on changing river regulation,
changing ecological conditions in the Upper Mississippi River has many
constraints. No single management measure, including water level management,
can be expected to bring about a major change in ecosystem state. The decline
in aguatic vegetation that has occurred throughout much of the Upper
Mississippi River has its origins in hydrologic events that affect underwater
light and nutrient availability as well as the effects of impoundment and
river regulation. Water level management measures must be carefully planned to
avoid adverse ecological effects. Opportunities do exist for improving
ecological conditions on the Upper Mississippi River through water level
management by simulating an unregulated hydrologic regime to the extent
practicable.
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SECTION FOUR - ALTERNATIVES

This section describes the water level management. alternatives identified
by the Water Level Management Task Force for study and their assignment of
priority within the study process.

ALTERNATIVES IDENTIFIED

The'following water level management alternatives were identified for
study. They range from the physical modification and independent management
of small waterbodies to changes to the present system of river regulation.

SMALL-SCALE MEASURES
Tempora Igolation and Drawdown of Small Waterbodies

Small waterbodies could be temporarily isolated and drawn down (and
reflooded) on a one-time or infrequent basis. The objective of this
management measure would be to establish or increase the extent of vegetation
and to consolidate sediments, thereby improving habitat conditions for fish
and wildlife. This management technique would best be suited to small
waterbodies that are already isolated from the river, or could be isolated
with a minimal amount of effort. Drawdown would typically be accomplished
with portable pumps.

Reqular Water Level Management of Small Waterbodies

Berms constructed to temporarily isolate small waterbodies could be left
in place to minimize the cost of conducting subsequent drawdowns. The closure
berms could be breached to reconnect the small waterbodies with the river
following the initial drawdown, and could readily be closed with fill or
sandbags prior to subsequent drawdowns. Permanent water control structures
could be installed to allow more water level management flexibility.
Subsequent drawdowns could be conducted as needed to maintain desired
vegetation.and substrate conditions.




MID-SCALE MEASURES

Tempora Isolation and Drawdown of Larger Waterbodies

Large waterbodies could be temporarily isolated and drawn down on a one-
time or infrequent basis. As with the small-scale drawdown alternatives
previously discussed, the objective of this management measure would be to
establish or increase the extent of vegetation and to consolidate sediments,
thereby improving conditions for fish and wildlife.

This management technique would best be suited to waterbodies that
already are mostly isolated from the river, or could be isolated with a
minimal amount of effort. Drawdown of large waterbodies could be expensive to
accomplish by pumping. An alternative measure that could be employed would be
to draw the pool down by a few feet for a short period of time to dewater the
sequestered area.

Reqular Water Level Management of Larger Waterbodies

Larger waterbodies could be permanently isolated from the river through
the use of dikes, berms, etc. Water control structures could be installed to
allow more water level management flexibility. Water level management would
take place on a regular basis, or at least more frequently than with the
alternative discussed previously.

LARGE-SCALE MEASURES WITHIN THE PRESENT SYSTEM OF RIVER REGULATION

Discontinue 0.25-Foot Winter Drawdown

Appendix B describes winter operation for Lock and Dam 8. Under this
alternative, the 0.25-foot drawdown of pool 8 over the winter would be
discontinued. The objective is to provide slightly more water volume in
backwater areas over the winter which, in turn, would reduce habitat
reductions and fish kills associated with dissolved oxygen depletion.

The St. Paul District discontinued the practice of winter drawdown of the
navigation pools in the winter of 1995-96. The 0.25-foot change in winter
water levels is probably too small to monitor to determine effects on
frequency and spatial extent of dissolved oxygen depletion in backwaters, but
the effects are likely to be positive. Intensive monitoring of under-ice
conditions in Lawrence Lake in pool 8 during the winter of 1995-96 revealed
that a small increase in water level conveyed cold water and dissolved oxygen
in the lake immediately under the ice, and that subsequent decreases in water
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level resulted in removal of the oxygenated layer of water (Soballe, Rogala,
and Fischer, 1996). Water exchange may be more important than initial volume
of backwaters at the onset of winter in maintaining dissolved oxygen in

backwater areas.

Requlation on the "High" or "Low" Side of the Requlating Band

The regulating band for pool 8 during the open water season is +0.2 foot.
With this alternative, the District would make a conscious attempt to regulate
the pool at the high or low side of this band. Potential ecological benefits
would be to provide slightly deeper water which may improve habitat conditions
for certain organisms and provide some degree of control of undesirable
vegetation, or to provide slightly shallower water to improve conditions for
the growth of vegetation.

This alternative (regulation on the low side of the regulation band as
water conditions allow during the growing season) has been successfully
conducted in pools 24, 25, and 26 in the St. Louis District. There, the
regulating band is wider, and changes in river discharge are much larger and
more frequent. This practice has resulted in lush growth of annual vegetation
(Wlosinski and others, in preparation) which, when reflooded in the fall,
provides habitat for small fish and migrating waterfowl. Prevailing turbidity
and the wide range of water level fluctuations that occur in that reach of the
river prevent establishment of much perennial aquatic vegetation through water
level management.

Increase the Frequency of Gate Adjustments

Increasing the frequency of gate adjustments would smooth out some of the
more abrupt changes in flow through the dam gates. Potential ecological
benefits would be to reduce the frequency and amplitude of short-term (time
scale of hours to days) water level fluctuations. A smoother stage hydrograph
would improve habitat conditions in the extensive shallow aquatic and wetland
areas. More frequent gate adjustments during a pool drawdown would reduce
reflooding of portions of the drawdown zone and increase the area with good
vegetation response.

Modify Distribution of Flow Through the Dam Gates

There is some flexibility in how flows are distributed between gates
across the face of the dam. The potential exists to improve tailwater habitat
conditions through changing the distribution of flow through the gates.




LARGE-SCALE CHANGES TO THE PRESENT SYSTEM OF RIVER REGULATION

Spring Pool Raises

Normally, the operation of Dam 8 has little effect on spring high water
levels. It may be possible to raise water levels during years with low river
discharge in the spring to benefit species that make use of flooded habitats.

Winter Drawdown

Under this alternative, the pool would be drawn down to dewater backwater
areas. This would allow earth-moving equipment to be used to improve physical
habitat conditions; e.g., create deep holes or channels, remove accumulated
fine sediments, and build islands.

Change the Primary Control Point from Mid-pool to the Dam

Pool 8 has a mid-pool primary control point for flows up to 23,000 cfs.
At flows above 23,000 cfs, control is shifted to the dam (secondary control).
Under this alternative, the control point for pool 8 would be at the dam for
all flows up to the point where the dam no longer controls the pool. Changing
the primary control point to the dam would eliminate the unnatural condition
under primary control where water levels between the primary control point and
the dam actually decrease as the river discharge is rising.

Short-term (1 to 2 weeks) Drawdowns

As described for Mid-Scale alternatives, short-term drawdowns of the pool
could be used to draw down larger waterbodies.

Mid-term (1 to 2 months) Drawdowns

Pool 8 would be drawn down for 1 to 2 months during the growing season.
The primary purpose of the drawdown would be to expose substrate primarily to
promote the growth of annual emergent aquatic plants. Some perennial plant
growth and sediment consolidation would also occur.

Long-term (entire growing season and longer) Drawdowns

Under this alternative, pool 8 would be drawn down for an entire growing
season or longer, perhaps through the following growing season. The primary
objective would be to promote the growth of perennial emergent aguatic plants
and for sediment consolidation. The growth of annual plants would also occur.
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ALTERNATIVES SELECTED FOR EVALUATION

All the alternatives identified merit further evaluation. However, the
time and funding constraints for the study required focusing on the
alternatives that appeared to have the greatest potential for prov1d1ng
gubstantial benefits. Thus, the Water Level Management Task Force designated
the alternatives as either high, medium, or low priority for evaluation. |

High Priority - These alternatives would be the focus of the study [
effort. The benefits and negative effects of the alternatives would be

quantified, wherever possible.

Medium Priority - These alternatives would also be studied, with benefits
and negative effects quantified, where possible. The level of effort expended
would be less than for the high priority alternatives.

Low Priority - These alternatives would be studied only as time allows.
The benefits and negative effects would be addressed in a qualitative manner.

The alternatives were prioritized as follows. For each alternative, it
is noted whether the measure would affect the entire pool or whether it would
target specific sites within the pool.

High Priority

* mid-term growing season drawdowns (pool-wide)
* long-term drawdowns (pool-wide)

Medium Priority

* gmall-scale measures (site-specific)

* medium-scale measures (site-specific)

* discontinue winter drawdowns (pool-wide)
regulate on the high or low side of the regulating band (pool-wide)
change the primary control point from mid-pool to the dam (pool-wide)

Low Priority

* increase the frequency of gate adjustments (pool-wide)

* modify the distribution of flow across the dam gates (site-specific)
* gpring pool raises (pool-wide)

* winter drawdowns (pool-wide)




SECTION FIVE - EVALUATION

This section discusses the evaluation of alternative water level
management measures. A brief description of each altermative is followed by
an evaluation of the expected effects upon river resources and river users.
In many instances, study time and funding constraints only allowed for a
qualitative evaluation of potential effects.

SMALL-SCALE MEASURES

Under this alternative, small waterbodies in the pool 8 floodplain would
be isolated and drawn down to promote better conditions for the growth of
emergent aquatic vegetation. Initially, two options were to be evaluated:

(1) temporary isolation and drawdown, and (2) provision of closure berms and
possibly water control structures to allow repeated drawdown in years
following the initial construction and drawdown. As cost estimates were
developed, it became evident that construction mobilization and berm
construction were the most costly items for isolating many of these wetlands.
The additional cost of adding a water control structure became a relatively
small increment. Therefore, it was assumed that, if an area had to be bermed
and was over 5 acres in size, a low-cost water control structure would be
installed to allow management of water levels on a regular basis. For sites
that would be isolated through the use of sandbags and/or were less than 5
acres, it was assumed that no water control structure would be added.

Initially, 33 waterbodies in pool 8 (plate 5) were identified as having
the physical characteristics that would lend themselves to igolation and
drawdown. Screening eliminated sites #30 and #31, and a third site (#24 -
Lawrence Lake) was considered large enough to be treated as a mid-scale
measure. Table 5-1 contains information concerning the remaining 30 sites,
while table 5-2 summarizes cost and potential area benefited information.

The cost approximations shown are not detailed construction cost
estimates. They are based on construction costs experienced within the UMRS-
EMP habitat rehabilitation and enhancement projects (HREP) program. The
construction costs include costs for mobilization/demobilization (mob/demob),
construction of low berms, and installation of a low-cost water control
structure. The sites with no construction costs are waterbodies that are
naturally isolated by topography or man-made features such as roads and
railroads.




Small Scale Drawdown Sites in Pool 8

Table 5-1

Depth**

_pwnership

Structure

02 (12)

Federal

300’ of berm

adequate

13

no data

Non-Federal

100’ of berm

no

26

Federal

200’ of berm

yes

no data

no

Federal

no data

Federal

* Sites 24, 30, and 31 eliminated from consideration

** Depth data based on 1989 LTRM bathymetry; range in parenthesis indicate the most
prevelant depth range.
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Table 52
Summary of Small Scale Drawdown Costs

Estimated | Estimated Average Ave Annual
Ave | Construction | Operational Annual Cost/Acre
Site #| Acres | Depth Cost** Cost/Event*** Cost Benefited
1 1 $0 $10,000 $1,892 $210

_330,000

$30,000

$30,000

$20,000

340”000

ota

750,000

Mean

n.a.

$25,000

518 333

* no bathymetric data available, average depth of 2 feet assumed for pumping costs
** rounded to nearest $10,000
*** rounded to nearest $5,000




The operational costs are costs associated with a single drawdown event;
e.g., mob/demob of pumping equipment and pumping costs. The operational cost
estimates do not include estimates for maintenance pumping if seepage becomes
a problem, as predicting seepage is beyond the depth of detail of this study.
However, if seepage becomes a problem, the operational costs of maintenance
pumping could equal or exceed the costs of the original drawdown pumping.

Average annual costs were computed at the current Federal interest rate
of 7 5/8 percent for a period of 25 years. The figures include discounted
future costs for future operational "events" at years 8, 15, and 22. Each
"event" includes the estimated operational cost plus 20 percent of the initial
estimated construction cost for project maintenance for sites that would be
isolated by earth berms. For sites isolated with the use of sandbags, it was
assumed that the sandbags would have to be fully replaced for each drawdown
event.

Hydrologic/Hydraulic Changes

Isolation and management of small waterbodies would have site-specific
hydrologic/hydraulic effects on those waterbodies. Connectivity between
channel areas and the isolated water bodies would be interupted, at least on a
temporary basis. Overall, there would be no appreciable impact on the
hydrology or hydraulics of pool 8 because of the small size of the areas being
affected.

As noted earlier, seepage could be a factor in the ability to maintain
drawdowns in the isolated waterbodies. The potential for seepage would need
to be evaluated on a site-specific basis prior to implementation of a drawdown
project.

Water Quality

Construction of berms and excavation of interior channels and pumping
basins would create minor, localized, and temporary increases in suspended
solids. Drawdown of the small-scale sites by pumping would mobilize higher
water content surficial sediments, creating a suspended solids plume at the
discharge point during the latter phases of drawdown. Upon refilling of the
sites, the oxidized sediments, coupled with leaching of standing vegetation,
would mobilize plant nutrients, creating the possibility of algal blooms
within the drawdown sites. Flooded terrestrial vegetation within the drawdown
zones would senesce and die, depleting dissolved oxygen as the plant tissue
decomposed over the winter. Single-inlet drawdown sites would probably not
have much dissolved oxygen during winter; however, flow-through sites could
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have adequate dissolved oxygen during the winter following drawdown. If
achievable, consolidation of sediment in the drawdown sites may limit sediment
resuspension by wave action and resuspension by fish activity. Seepage may
prevent drying of sediments.

Ecological

Construction of berms and interior excavation to allow drawdown would
disturb limited areas of shallow aquatic and floodplain habitat. Berm
construction would disturb strips of floodplain habitat approximately 50 feet
wide, or about 6 acres for every mile of berm constructed. The managed
waterbodies would be temporarily isolated from the river, preventing movements
to and from flowing parts of the system by fish. Upon drawdown of the sites,
fish and other forms of aquatic life would be stranded and desiccated unless
vrescued." The stranded fish and macroinvertebrates in the drawdown sites
would become easy prey for eagles, herons, egrets, wading birds, mink, and
raccoons. Most species of submersed aquatic plants in the dewatered zones
would be killed, but their seeds are resistant to dessication. Submersed
aquatic plants would rapidly recolonize the drawdown zones upon reflooding.
Most species of emergent aquatic plants present in the drawdown zones would
survive the drawdown period. The undesired exotic purple loosestrife (Lythrum
salicaria) would survive and probably colonize further during a drawdown.

During drawdown and dewatering of the sediments, annual plants and
seedlings of emergent aquatic plants and willows and cottonwoods would develop
in about a month and a half. The species composition and density of
vegetation that would develop would depend on a variety of factors, including
the plant propagules (seeds, tubers, and rhizomes) present in the sediment,
the seasonal timing of drawdown, the degree of sediment dewatering that
occurs, weather conditions, etc. If the drawdown sites were reflooded in the
fall to the pre-drawdown water level, the terrestrial woody and herbaceous
plants would be killed within about 1 month, along with most of the seedlings
of emergent aquatic plants. Some emergent aquatic plants could become
established in the shallowest (less than about 1 foot) depth areas of the
drawdown zones. The standing vegetation would provide good habitat for small
fish if the closure berm or water control structures were reopened to allow
figh access. The standing vegetation would also provide an abundant food
source for migrating waterfowl and spawning habitat for fish the following
spring. Consolidation of the sediments during drawdown should persist for
gome time following reflooding, limiting sediment resuspension by wave action
and bioturbation, and creating good conditions for recolonization by submersed
aquatic plants. Benthic macroinvertebrates probably would recolonize the
reflooded sites in the year following drawdown.
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If the small-scale drawdown sites were kept drawn down into winter, and
were drawn down at least partially following the spring flood for the next
growing season, perennial emergent aquatic plants could become established in
much of the drawdown zones. This water level management regime would
approximate an extended period of low river discharge in an unregulated river.
Many species of emergent aquatic plants can become established only under
dewatered substrate conditions followed by a long and gradual increase in
water level, allowing germination of propagules and survival of seedlings
without deep reflooding before they attain sufficient height.

Establishment of perennial emergent aquatic plants would be desirable in
many smaller floodplain waterbodies to provide habitat for fish and wildlife.
Once the plants were established, high water and grazing by muskrats would
reduce the extent and density of emergent plants over a number of years to the
point where another drawdown would be appropriate management.

Operations

Isolation and drawdown of the waterbodies identified in table 5-1, either
on a one-time or on a recurring basis, would have no effect on the operation
of pool 8.

Channel Maintenance

Isolation and drawdown of the waterbodies identified in table 5-1, either
on a one-time or on a recurring basis, would have no effect on maintenance of
the navigation channel in pool 8. ’

Commercial Navigation

Isolation and drawdown of the waterbodies identified in table 5-1, either
on a one-time or on a recurring basis, would have no effect on commercial
navigation in pool 8.

Transgortation Infrastructure

Isolation and drawdown of the waterbodies identified in table 5-1, either
on a one-time or on a recurring basis, would have no effect on the
transportation infrastructure in pool 8.




Water Appropriations

Isolation and drawdown of the waterbodies identified in table 5-1, either
on a one-time or on a recurring basis, would have no effect on the water
intake to the French Island generating station.

Real Estate

Twenty of the sites evaluated are located on Federal property within the
Upper Mississippi River National Wildlife and Fish Refuge. No additional real
estate requirements should be necessary for implementation.

Ten sites are located on private property. Implementation of a project
at these sites normally would require fee title acquisition, an easement, oOr
some other agreement with the landowner, depending upon the real estate
regulations of the implementing agency, in this instance most likely a state
natural resource agency.

Recreation

Isolation and drawdown of select small waterbodies, either on a one-time
or on a recurring basis, would have negligible effects on recreation. The
majority of sites are remote, and they are small in comparison to the total
size of available areas in the pool. There could be localized disruption to
recreation at the site (or sites) chosen during periods of operation. In many
cases these sites are naturally isolated; however, in some instances they are
accessible by recreational craft. Isolation of the sites for water level
management would curtail recreational boat access during the period of
isolation.

Long-term benefits to recreationists would be expected, to the extent
that improvements to fish and wildlife are realized. These effects are not
defined well enough to be quantified.

Aesthetics

Some intrusions on the natural environment would be associated with all
of these projects; i.e., construction activity and/or pumps running. For the
most part, these projects would be located in isolated areas. Others are
located in areas where there is more human use. Any adverse effects are
expected to be localized and are not congidered significant. Establishment of
vegetation in sites with little existing vegetation would be an aesthetic

improvement.




Cultural Resources

The general effects of drawdown on cultural resources are discussed in
detail in later sections of this report under the evaluation of pool-wide

drawdowns.

Thirty backwater sites have been identified as potential drawdown sites
for the small-scale measures (see table 5-1). Thirteen of these sites would
require the construction of a berm, five would be closed with sandbags, and 12
would require no structure. Implementation of the small-scale drawdowns could
also require the excavation of interior channels and pumping basins, the
acquisition of fill from somewhere, and the construction of access to the
sites. Many of these actions have the potential to affect archeological

sites.

In the discussion below, the drawdown sites are divided into groups.
Five of the drawdown site groups lie in areas with many known archeological
gites, including burials, habitation sites and historic sites. The following
groups of drawdown sites fall into this category:

drawdown sites 1 through 7, which lie just downstream of Lock and
Dam No. 7 or along the Black River.

drawdown sites 8 through 14, which cluster near the downstream end
of French Island or near Minnesota, Taylor and Barron Islands.

drawdown sites 25 through 29, which lie on or near Goose Island.

drawdown sites 32 and 33, which lie along the Wisconsin shore
just below Stoddard. (Site 31 also falls within this group, but
is not being considered for small-scale drawdown.)

drawdown sites 15, 16, 18, 19, and 20, which lie along the
Minnesota shore. All are well back from the main channel and
follow near Minnesota State Highway 16. Although fewer known
archeological sites exist in this area, three mounds and a
petroglyph are among those known.

Due to the significance and density of archeological sites in the areas
described above, archeological surveys would need to be conducted prior to any
ground-disturbing activities needed to isolate the drawdown sites for water
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level control. When a site is drawn down, an archeologist should survey the
exposed shoreline for cultural resources and should report the effect the
drawdown may be having on the sites found. The source of any fill would need
to be evaluated for cultural resources before use.

Drawdown sites 17, 22, and 23 lie among the mid-channel islands between
river miles 692 and 695. Almost no archeological sites are known to exist on
these islands. The reason may be that they are deeply buried. Nevertheless,
archeological surveys should be conducted prior to any ground-disturbing
activities needed to isolate the drawdown sites for water level control. When
a site is drawn down, an archeologist should survey the exposed shoreline for
cultural resources and should report what effect the drawdown may be having on
the sites found.

Implementation Procedures

Isolation and water level management of small aquatic areas could be
implemented by river resource management agencies. Of the 30 sites identified
in pool 8, 20 are located on the Upper Mississippi River National Wildlife and
Fish Refuge. The U.S. Figh and Wildlife Service would be the lead agency in
implementing any management actions at these sites.

For the 10 sites located outside the Refuge, the State natural resource
management agency would be the lead agency, working in conjunction with the
landowner, for implementing management actions at these sites.

The U.S. Fish and Wildlife Service has indicated that operation and
maintenance requirements would be serious concern with use of this management
measure on the Refuge. It is expected that this would be an important
consideration for any implementing agency in their decision whether to employ
this management measure.
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MID-SCALE MEASURES

With this alternative, large waterbodies would be temporarily isolated
and drawn down in a manner similar to that discussed for small waterbodies.
An analysis of pool 8 indicates that only one large waterbody (Lawrence Lake)
could be isolated without a significant investment in diking systems.
Lawrence Lake is located on the Minnesota side of the floodplain between river
miles 690.5 and 693.0. Table 5-3 shows the depth-area relationship for
Lawrence Lake.

Table 5-3
Depth-Area Relationship for Lawrence Lake

Cumulative
Depth Range (ft) Acres Percent Percent

0.0 - 1.0 336 53 53
1.0 - 2.0 141 22 75
2.0 - 3.0 83 13 88
3.0 - 4.0 28 4 92
4.0 - 5.0 18 3 95
5.0 - 6.0 17 3 98

> 6.0 _16 2 100

639

Initially, two drawdown scenarios for Lawrence Lake were to be evaluated,
gravity drawdown and pumping. Bathymetric data indicates that the controlling
depth for gravity drawdown of Lawrence Lake is approximately 2 feet. A 2-
foot drawdown would dewater approximately 75 percent of the lake. Therefore,
a 2-foot drawdown of Lawrence Lake was used as the operating scenario.

A 2-foot drawdown of Lawrence Lake by gravity would not be physically
possible during medium (40,000 cfs) to high flow (75,000 cfs) conditions. In
fact, the maximum drawdown that could be achieved at these higher flow levels
would be about 1.8 feet under open river conditions at 40,000 cfs. At a low
flow condition of 22,000 cfs, a 2-foot drawdown of Lawrence Lake by gravity
would require about a 3-foot drawdown at the lock and dam.

Because of the physical constraints and the unlikelihood that a major
drawdown of pool 8 would be undertaken solely for the purpose of dewatering
Lawrence Lake, pumping is the only practicable option. The effects of drawing
down Lawrence Lake by pool drawdown are included in the evaluation of the
pool-wide growing season drawdown alternatives.
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To draw down Lawrence Lake by pumping would require isolating the lake
with a 2,000-foot-long low dike across its lower end above the area occupied
by the Lawrence Lake marina and the boathouses. This 'would avoid the
conflicts associated with isolating the marina and boathouses from the river.
This would reduce the area of Lawrence Lake that could be isolated and managed
to approximately 557 acres, 429 of which have water depths of 2 feet or less.
The depth breakdown of the manageable portion of Lawrence Lake would be as
shown in table 5-4.

Table 5-4
Depth-Area Relationship for Manageable Portion of Lawrence Lake

Cumulative

Degth Range (ft! Acres Percent Percent
0.0 - 1.0 304 55 55
1.0 - 2.0 125 23 78
2.0 - 3.0 74 13 91
3.0 - 4.0 23 4 95
4.0 - 5.0 13 2 97
5.0 - 6.0 12 2 99

> 6.0 _6 1 100
557

Because of the level of investment required to isclate and manage an area
such as Lawrence Lake, it was assumed for cost estimating purposes that the
dike constructed to isolate the lake would have to be more substantial and
durable than the berms used to isolate the small areas evaluated in the
previous section. It is estimated that construction of a 2,000-foot dike
across the lower end of Lawrence Lake, with rock protection and a water
control structure, would cost an estimated $300,000. The estimated cost of a
2-foot drawdown of Lawrence Lake for an entire growing season (June 15 through
September 30) using pumps is approximately $50,000 per event. As with the
emall-scale drawdowns, this estimate does not include costs for maintenance
pumping if-seepage becomes a problem.

The same 25-year project life and cost annualization procedures were
applied to Lawrence Lake as were used for the small-scale measures. The
average annual cost of isolating and managing Lawrence Lake water levels would
be approximately $40,000, with an estimated cost per acre benefited of about

$93.




Hydrologic/Hydraulic Changes

The connectivity between Lawrence Lake and the river would be eliminated,
at least during non-flood periods. Drawing down Lawrence Lake by pumping
would have no appreciable effect on the hydrology/hydraulics of pool 8 because
of the relatively small area being affected.

As discussed previously, drawing down Lawrence Lake by gravity would
require about a 3-foot drawdown at Lock and Dam 8. The hydrologic/hydraulic
effects of this type of pool-wide drawdown are discussed later in this report.
Maintaining a drawdown in Lawrence Lake after the pool was raised would
require a closure dike and providing pumping capacity to remove seepage and
local rainfall runoff.

Water Quality

Water quality effects of a drawdown of a larger floodplain waterbody such
as Lawrence Lake would be essentially the same as those described above for
small-scale sites, except that construction of an isolating berm and greater
pumping volume would impose greater construction- and drawdown-related
increases in suspended solids. If sufficient sediments were mobilized during
drawdown, a dissolved oxygen sag could occur in the pump discharge plume. A
berm across the lower end of Lawrence Lake enabling drawdown would reduce
effective fetch and wind-induced sediment resuspension during periods of open
water when aquatic vegetation is not abundant. A closure berm, even if left
open at some point or with a water control structure that was operated to
allow flow into and out of the lake, would greatly affect the circulation of
water between the lake and the river. Areas of Lawrence Lake with sufficient
winter dissolved oxygen would probably be reduced due to more restricted
hydraulic exchange with the river.

Ecological

Ecological effects of isolation and drawdown of a larger floodplain
waterbody such as Lawrence Lake would be similar to those described for the
small-scale drawdowns. The managed waterbodies would be temporarily isolated,
preventing movements of fish to and from flowing parts of the river. The
Lawrence Lake site in pool 8 has abundant emergent, floating-leaved, and
submersed aquatic vegetation, so a drawdown would not produce significant
improvement in habitat quality.

A 2-foot growing season drawdown of Lawrence Lake followed by fall
reflooding would result in about 300 to 400 acres of annual vegetation, and
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could result in the establishment of up to about 300 acres of emergent aquatic
plants. An extended drawdown regime designed to establish emergent aquatic
plants could result in much of the lake converting to stands of emergent
vegetation, covering up to about 400 acres. Increased extent of emergent
aquatic plants in Lawrence Lake could improve habitat conditions for nesting
and migrating waterfowl. This could have positive or negative effects on
other forms of fish and wildlife depending on individual species requirements.
This would need to be fully evaluated during pre-implementation studies.

Operations

Isolation and drawdown of Lawrence Lake, either on a one-time or a
recurring basis, would have no effect on the operation of pool 8.

Channel Maintenance

Isolation and drawdown of Lawrence Lake would not be expected to have any
adverse effects on the maintenance of the navigation channel in pool 8.

Commercial Navigation

Isolation and drawdown of Lawrence Lake would not be expected to have any
adverse effects on commercial navigation.

Transgortation Infrastructure

Isolation and drawdown of Lawrence Lake, either on a one-time or a
recurring basis, would have no effect on the transportation infrastructure in
pool 8.

Water Appropriations

Isolation and drawdown of Lawrence Lake, either on a one-time or a
recurring basis, would have no effect on the water intake to the French Island
generating station.

Real Estate

Lawrence Lake is located entirely on Federal property within the Upper
Mississippi River National Wildlife and Fish Refuge. No additional real
estate requirements should be necessary for implementation.




Recreation

Isolation and drawdown of Lawrence Lake, either on a one-time or a
recurring basis, would have negligible effects on recreation. There could be
localized disruption to recreation on Lawrence Lake during periods of
operation; however, there are nearby sites that could serve as substitute
areas during those times.

Isolation of Lawrence Lake with a dike would prevent direct access by
boat from the Mississippi River. Alternative accesses would need to be
provided for continued use of the lake for recreational activities requiring a
boat.

Long-term benefits to recreationists would be expected, to the extent
that improvements to fish and wildlife are realized. These effects are not
defined well enough to be quantified.

Aesthetics

The construction of a dike across the lower end of Lawrence Lake would
present a visual intrusion on a relatively undisturbed area. Boathouses and a
marina are located immediately downstream of where the dike would be
constructed, so there is some existing development in the area. The dike
would be visible to the boathouse users, marina users, and from State Highway
26. The dike would also be visible to boaters on the Mississippi River from
certain angles.

The drawing down of Lawrence Lake would create over 400 acres of mud
flat. For the most part, this would not be visible to the general public
unless they took specific efforts to view the area. Odors emitted from the
exposed sediments and decaying vegetation would likely be detectable by the
boathouse and marina users under conditions of northerly winds.

Cultural Resources

Lawrence Lake is the only large backwater area being considered for a
mid-scale drawdown. To isolate the lake, a 2,000-foot-long dike would have to
be built. Once the dike was built, the water would be drawn down 2 feet,
although at main channel flows over 40,000 cfs, this would not be possible.

One mound is near Lawrence Lake and many prehistoric habitation sites lie
in the river valley adjacent to the lake. Therefore, archeological surveys

would need to be conducted prior to any ground-disturbing activities. If the
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lake were drawn down, an archeologist should survey the exposed shoreline for
cultural resources and should report what effect the drawdown may be having on

any sites found.

Implementation Procedure

Lawrence Lake is located within the Upper Mississippi River National
Wwildlife and Fish Refuge. Therefore, the U.S. Fish and wildlife Service would
be the lead agency in the implementation of any action involving the isolation
and drawdown of Lawrence Lake. Because of the scope of such a project,
implementation would require a coordinated effort involving the Service, the
Corps of Engineers, the Minnesota and Wisconsin Departments of Natural
Resources, and the public.




LARGE-SCALE MEASURES WITHIN THE PRESENT SYSTEM OF RIVER REGULATION
DISCONTINUE 0.25-FOOT WINTER DRAWDOWNS

Under this alternative, the St. Paul District would discontinue winter
drawdowns of 0.25 foot at the primary control point. This alternative was
implemented District-wide during the winter of 1995-96.

Hydrologic/Hydraulic Changes

Under low to moderate winter discharge levels, up to 0.25 foot more water
would be present in the pool. This effect would be most pronounced near the
dam, and less evident in the upriver portions of the pool. '

Water Quality

Winter water quality conditions can be expected to be better in backwater
areas due to the increased volume of water and mass of dissolved oxygen at
ice-over. Oxygen depletion which occurs in many backwaters during winter
would be less extensive due to the greater mass of dissolved oxygen in the
slightly higher water column. While this effect probably occurred during the
winter of 1995-96 in St. Paul District pools, it would be very difficult to
measure the reduced extent or frequency of dissolved oxygen depletion due to
elimination of the historically practiced 0.25-foot winter drawdowns of the
navigation pools.

Ecological

Reduced magnitude, spatial extent, and frequency of winter oxygen
depletion in river backwaters would increase the availability of suitable
overwintering habitat for lentic fishes. Increased habitat could improve
overwinter survival and condition of fisgh, possibly having some positive
population-level effects.

The slightly higher and slightly more stable winter water levels could
also benefit furbearers such as beaver and muskrat, whose dens and foraging
areas are subject to changes in winter water levels.

This alternative was implemented District-wide during the winter of
1995-96. At present, it is too early to determine the effects of
discontinuing the winter drawdown.




Operations

Discontinuing winter drawdowns would have no effect on water control or
the operation of Lock and Dam 8.

Channel Maintenance

Discontinuing winter drawdowns would have no effect on maintenance of the
navigation channel in pool 8.

Commercial Navigation

Discontinuing winter drawdowns would have no effect on commexrcial

navigation in pool 8.

Transportation Infrastructure

Discontinuing winter drawdowns would have no effect on the transportation
infrastructure in pool 8.

Water Appropriations

Discontinuing winter drawdowns would have no effect on the water intake
to the French Island generating station.

Real Estate

Discontinuing the 0.25-foot winter drawdown would require no real estate
action because it is an operational modification within existing St. Paul
District pool operation authority.

Recreation

Discontinuing winter drawdowns would have no effects on recreation during
the periods of operation. Long-term benefits to recreationists would be
expected, to the extent that improvements to figh and wildlife are realized.
These effects are not defined well enough to be quantified.

Aesthetics

Discontinuing winter drawdowns would have no aesthetic effects.




Cultural Resources

Discontinuing the 0.25-foot winter drawdown would probably not have much
effect on cultural resources in pool 8.

Implementation Procedure

The St. Paul District has the authority to implement this altermative and
actually began implementation during the winter of 1995-96. At some point in
the future, an evaluation will need to be conducted to determine whether to
continue with this method of regulation.
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REGULATION ON THE "HIGH* OR "LOW" SIDE OF THE REGULATING BAND

During the summer, a tolerance of 10.2 foot is allowed at the pool
control point, while during winter, the tolerance is +0.3 foot. Under this
alternative, pool regulation would be targeted toward keeping pool levels at
the upper or the lower limits of the regulating band during the growing season
as river discharge allows. During winter, pool regulation would be targeted
toward keeping pool levels at the upper limite of the regulating band.

Hydrologic/Hydraulic Changes

Regulation at either the "high" side or "low" side of the operating band
could require more frequent gate adjustments because water control personnel
would be trying to regulate the pool within a narrower band. For example, if
the goal was to operate on the "low" side of the band during the summer, water
control personnel would, in effect, try to maintain the pool between project
pool and -0.2 foot. This could be difficult to accomplish without frequent
gate adjustments.

Water Quality

Slightly lower water levels during the growing season should not have any
significant effect on water quality, other than to slightly reduce water
exchange in backwater areas. This could result in minor increases in the
density of algal blooms in some backwater areas. Slightly lower water surface
elevation would increase the area of substrate subject to wind-driven sediment

resuspension.

Slightly higher water levels during the winter would have essentially the
same minor but positive effects on dissolved oxygen concentrations as
described earlier for the elimination of winter pool drawdowns.

Ecological

Ecological effects of regulating on the high or low side of the
regulating band would be minor, and likely not be measurable. Slightly lower
water levels during the growing season would further isolate some backwater
areas, result in somewhat denser or more frequent algal blooms, and somewhat
increase the substrate area subject to wind-driven sediment resuspension. The
slightly lower growing season water levels could result in some increase in
emergent plants growing in the narrow band dewatered by this regulating
strategy. Slightly higher winter water levels would have the same minor but
positive effects as described for elimination of the winter pool drawdowns.
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Operations

Regulation on the high side or the low side of the regulating band would
have some effect on water control operations, as water control personnel would
be required to try to regulate the pool to what, in effect, would be a
narrower operation band. As noted earlier, this method of operation could
require more frequent gate adjustments. At some point, the frequency of
adjustments required may exceed the capabilities of the lock and dam personnel
to implement them. The availability of lock and dam personnel to make gate
changes is highly variable depending upon time of year, week day versus
weekends, day shift versus night shift, and lock operation requirements to
name a few. Further analysis would be required (see "Implementation
Procedure" below) to determine the capabilities of lock and dam personnel to
make additional gate changes.

Channel Maintenance

No significant effect on maintenance of the navigation channel would be
expected from operating either on the high side or the low side of the
operating band. If operation was on the high side of the band, knowing that
there would be an additional 0.2 foot of water could in marginal instances
delay the decision to dredge at a particular site to see if conditions improve
naturally. Conversely, if operation was on the low side of the band, knowing
that there would be 0.2 foot less water could in marginal instances
precipitate a decision to dredge instead of delaying to see if conditions
improve naturally.

Commercial Navigation

Intuitively, operation on the high side of the band should benefit
commercial navigation by providing slightly greater water depths, and
operation on the low side of the band should adversely affect commercial
navigation by providing slightly lower water depths. The effects would be
realized in minor differences in navigability and fuel efficiency. 1In neither
instance, however, are the effects quantifiable.

Transportation Infrastructure

Regulating on the high side or the low side of the regulation band would
have no effect on the transportation infrastructure in pool 8.

5-20




Water Appropriations

Regulating on the high side or the low side of the ‘regulation band would
have no effect on the water intake to the French Island generating station.

Real Estate

Regulation on the high or low side of the regulating band would require
no real estate action because it is an operational modification within
existing St. Paul District pool operation authority.

Recreation

Regulating on the high side or the low side of the regulation band would
have negligible effects on recreation. Higher water levels could slightly
improve access to some backwater areas, while lower levels could slightly
hinder such access. In either case, the levels being considered are currently
commonly experienced and would not dramatically change the quality or quantity
of recreation in the pool.

Long-term benefits to recreationists would be expected, to the extent
that improvements to fish and wildlife are realized. These effects are not
defined well enough to be quantified.

Aesthetics
Regulating on the high or low side of the regulation band should have no
aesthetic effects. These minor changes in water surface elevation would not

be discernible.

Cultural Resources

Regulating the pool on the high or low side of the band would probably
not have much effect on cultural resources in pool 8. However, the general
issues of site inundation and erosion as discussed for the growing season

drawdowns pertain here.




Implementation Procedure

The St. Paul District has the authority to implement regulation on the
high or low side of the operating band. The most likely procedure would be to
implement regulation on the high side or low side of the regulating band for a
fixed period of time coupled with a monitoring plan designed to evaluate the
effects of the selected method of regulation from all perspectives, including
environmental benefits, operational costs, and other effects. At the end of
the fixed period, the monitoring results would be evaluated to determine
whether to continue with this method of regulation.

Changing to a wider regulating band would require an analysis of the
effects of such a change and approval from Headquarters, U.S. Army Corps of
Engineers.

e il SN SRR SENE. NN 2 SED 2SS @ 2SSAE SN SNk G A S IR e A NN SR EEs



INCREASE THE FREQUENCY OF GATE ADJUSTMENTS

Under this alternative, the frequency of gate adjustments would be
increased to smooth out some of the more abrupt changes in flow through the
dam gates. The current practice under most conditions is to make a single
gate change in the morning. At certain times, if river conditions warrant, a
morning and afternoon gate change may be made.

Hydrologic/Hydraulic Changes

Increasing the frequency of gate openings would smooth out short-term
stage variations in headwater at the dam. Short-term variation for the period
May 5 through August 13, 1996, is shown in figure 5-1. The variations during
this period were generally 0.5 foot or less, and are considered typical of
what would be expected during most summer periods.

Water Quality

Smoothing the discharge hydrograph through more frequent gate changes
would not have any significant effects on water quality. Water exchange
between the flowing channels and embayments and single-inlet backwater areas
would be reduced, perhaps allowing greater development of algal blooms.

Ecological

Reducing the amplitude and frequency of water level fluctuations by more
frequent gate changes would have some positive effects on vegetation, small
fish, and furbearers in littoral areas. The frequency of watering/dewatering
shallow areas would be reduced, allowing development of vegetation and
associated aquatic life with reduced frequency of disturbance. The greatest
positive effect might be with increased survival of young-of-year fish which
make use of shallow littoral habitats as nursery areas.

Operations

Increasing the number of daily gate adjustments would require water
control personnel to take this into account as part of making daily water
control decisions. Additional effort required at the lock and dam to make
additional gate adjustments would be highly variable depending upon the
situation. Generally, lock and dam staffing levels are barely sufficient for
current operational needs. More frequent gate adjustments would likely
require an increase in lock and dam staff levels and/or automation of gate

mechanisms and controls.
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Channel Maintenance

Increasing the frequency of gate adjustments at the dam would have no
effect on maintenance of the navigation channel in pool 8.

Commercial Navigation

Increasing the frequency of gate adjustments at the dam would have no
effect on commercial navigation in pool 8.

Transportation Infrastructure

Increasing the frequency of gate adjustments at the dam would have no
effect on the transportation infrastructure in pool 8.

Water Appropriations

Increasing the frequency of gate adjustments at the dam would have no
effect on the water intake to the French Island generating station.

Real Estate

Increasing the frequency of gate adjustments would require no real estate
action because it is an operational modification within existing St. Paul
District pool operation authority.

Recreation

Increasing the frequency of gate adjustments at the dam would have
negligible effects on recreation. Control of water levels has been identified
as an issue of concern among boaters on the UMRS (Carlson et al., 1995), and
"smoothing out" the changes would be seen as an improvement; however, water
level changes caused by changes in river flow would still be predominant.

Long-term benefits to recreationists would be expected, to the extent
that improvements to fish and wildlife are realized. These effects are not
defined well enough to be gquantified.

Desthetics

Increasing the frequency of gate adjustments would have no aesthetic
effects. The changes would not be visually discernible to the average river

user.




Cultural Resources

Increasing the frequency of gate adjustments would probably have no effect
on cultural resources in pool 8.

Implementation Procedure

The St. Paul District has the authority to implement this alternative.
Specific modifications to existing procedures would require further evaluation
on a site-specific basis to determine if the benefits to be achieved warrant
the additional costs.

The St. Paul District is currently conducting a study on the feasibility
of automating gate operations from the lock and dam house. The study is using
Lock and Dam 7 as the pilot location and is scheduled to be completed in 1997.
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MODIFY DISTRIBUTION OF FLOWS THROUGH THE DAM GATES

Under this alternative, flows through the dam gates would be distributed
through the dam gates to maximize tailwater habitat values, within limits that
would avoid scour at the base of the dam.

Hydrologic/Hydraulic Changes

Small variations in distribution through the gates may be possible;
however, past problems with large scour holes developing downstream of the dam
may have been caused by inadvertent uneven gate openings.

Releases through the individual gate bays could be concentrated to the
center of the dam or to one side or the other (within limits imposed by the
need to avoid velocities that would cause scour at the bage of the dam). This
practice could reduce velocities along the banks and in the approaches to the
lock.

Water Quality

Changing the distribution of flow through the dam gates would have no
effect on water quality.

Ecological

The combination of depth, velocity (and associated turbulence) and
substrate type is a key factor in tailwater habitat. Fish concentrate in the
tailwater areas because of the barrier to upriver movement imposed by the dam,
and because of the diversity of habitat present. Some species, notably
walleye and sauger, spawn in tailwater areas and provide a popular sport
fishery. Changing the distribution of flow through the dam gates could
increase the spatial extent and temporal occurrence of specific habitat
conditions needed by spawning saugers, walleye, sturgeon, and paddlefish.

The velocity pattern in the tailwater could also be adjusted to provide
an attracting flow adjacent to the lock wall, perhaps increasing the number of
fish that would be attracted into the lock for "locking through" fish.

These measures to improve tailwater habitat conditions could have a
positive, although probably unquantifiable, effect of fish populations and
sport fishing opportunity.




erations

Modifying the distribution of flow through the dam gates would require
minor additional consideration on the part of lock and dam personnel. The
amount of allowable change from the existing pattern of releases from dam
gates would vary with each dam, depending on the number of gates, condition of
the scour protection at the base of the dam, etc.

Channel Maintenance

Modifying the distribution of flow through the dam gates would have no
effect on maintenance of the navigation channel in pool 8.

Commercial Navigation

Modifying the distribution of flow through the dam gates would require an
evaluation to insure that there were no effects on tows approaching or leaving
the lock chamber. It is possible that modifying the pattern of releases
through the dam gates could have some effect on navigability in the lock
approaches, either negatively or positively, by affecting outdraft currents.

Transportation Infrastructure

Modifying the distribution of flow through the dam gates would have no
effect on the transportation infrastructure in pool 8.

Water Appropriations

Modifying the distribution of flow through the dam gates would have no
effect on the water supply intake to the French Island generating station.

Real Estate
Modifying the distribution of flow through the dam gates would require no

real estate action because it is an operational modification within existing
St. Paul District pool operation authority.
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Recreation

Modifying the distribution of flow through the dam gates would have
negligible effects on recreation. This change could affect fishing conditions
in the tailwater areas, although the extent is unknown.

Long-term benefits to recreationists would be expected, to the extent
that improvements to fish and wildlife are realized. These effects are not
defined well enough to be quantified.

Aesthetics

Modifying the distribution of flow through the dam gates would have no
effect on aesthetics. The changed flow distribution would not be visually
discernible to the average river user.

Cultural Resources

Modifying the flow through the dam gates would probably have no effect on
cultural resources in pool 8.

Implementation Procedure

The St. Paul District has the authority to implement this alternative.
Further evaluation would be required to determine specific objectives for
velocity patterns in tailwater areas. Two-dimensional hydraulic modeling
would have to be employed to examine alternatives for achieving objectives for
velocity patterns and habitat conditions in tailwater areas, to insure that
unacceptable scour conditions below the dam are not created, and to evaluate
potential effects on tow navigation in lock approaches. .




LARGE-SCALE CHANGES TO THE PRESENT SYSTEM OF RIVER REGULATION
WINTER DRAWDOWN

Under this alternative, the pool would be drawn down to dewater backwater
areas. For evaluation purposes, it was assumed that the pool would be drawn
down prior to freeze-up; i.e., by December 1. To accomplish this, drawdown of
the pool would have to begin by mid-November. The pool would be held at the
target elevation throughout the winter. The pool would be refilled in March
to insure adequate water for the opening of the navigation season in the
spring.

A winter drawdown would enable use of wide-tracked excavation equipment
(bulldozers with frost-rippers, backhoes) onto the dewatered and frozen bed of
the backwater areas. Channels to allow more complete future drawdowns, berms
to isolate and draw down smaller waterbodies, deepened areas, and islands
could be readily constructed during a winter drawdown. These measures, in
combination, could improve the quality and diversity of habitats following
reflooding.

Hydrologic/Hydraulic Changes

Hydrologic/hydraulic changes for winter drawdown would be similar to
drawdowns described later in this report for growing season drawdowns.

Water Quality

Mobilized sediment and oxygen-demanding materials draining from backwater
areas would probably not greatly affect dissolved oxygen in the receiving
channel parts of the river during drawdown, due to the prevailing cold water
temperatures and high solubility of oxygen in cold water. Winter drawdown
would dewater and greatly reduce the volume of backwater areas. Many
backwater areas would become isolated from flow. The hydraulic exchange rate
with remaining backwater areas would be greatly reduced. Many backwater areas
with water remaining in them would be subject to ice contact (freezing to the
bottom) and dissolved oxygen depletion.

Ecological

Winter drawdown would impose a major disturbance on a system that has had
stable winter water levels for nearly 50 years. A winter drawdown to open-
river conditions would dewater approximately 15,000 acres in pool 8. Some
mobilization of sediment would occur, deepening shallow areas and filling
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deeper areas. Some headcutting (riverbed degradation) of tributaries could
occur during the drawdown due to the reduced base elevation and increased
gradient in the lower reaches of the tributaries. This could result in
accelerated delta formation at tributary mouths. Some .dissolved oxygen sag
areas could occur where backwater areas drain into channels. Exposed
sediments would dewater somewhat before freezing to a depth of about 6 inches.

Fish mostly would escape to channel areas Or deeper backwaters that would
not be subject to drawdown. Many of the remaining backwaters isolated by
drawdown would be subject to oxygen depletion and fish kills over the winter.
Most speéies of submersed aquatic plants in the drawdown zone would be killed,
as would most macroinvertebrates and molluscs, including zebra mussels and any
Federally endangered Lampsilis higginsi occurring in the drawdown zone. Bank-
and hut-dwelling furbearers would be left stranded and exposed to predation.
Depending on the timing of the start of a winter drawdown, migrating birds
would be denied use of the drawdown zone habitats. Some migrating birds such
as shorebirds, could be provided a greatly increased foraging habitat area for
a short time before freeze-up.

A winter drawdown alone would probably not result in much consolidation
of soft sediment. Following reflooding, fish, submersed aquatic plants and
benthic macroinvertebrates would gradually recolonize the drawdown zone. This
recolonization process could take several years to attain pre-winter drawdown
conditions. Molluscs, especially Unionids, would require many years to
repopulate the drawdown zone.

A winter drawdown, if conducted to allow for winter excavation for
habitat project construction, and preceded or followed by a growing season
drawdown to consolidate sediment, would provide conditions conducive to the
establishment of emergent aquatic vegetation.

erations

A winter drawdown would require minor additional efforts by water control
personnel during the drawdowns and refilling of the pool to minimize the
effects on the rest of the system.

Winter drawdown could require additional effort of the lock and dam
staff. Winter drawdown may require additional measures at the locks and dams
to account for freeze-up of the gates and other equipment that would normally
be submerged. In addition, refilling of the pool in time for the navigation
season may require operations at the lock and dam during the late winter that
would normally not take place until spring.
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Channel Maintenance

Assuming the pool would be refilled before the opening of the navigation
season, no adverse effects on maintenance of the navigation channel in pool 8
would be expected.

Commercial Navigation

Winter drawdown would require closing the navigation season in pool 8 by
November 15. This would result in an early closing of the navigation season
throughout the St. Paul District above pool 8 except for local traffic. &an
evaluation of early closure indicates that a November 15 closing could result
in economic losses of up to $6 to $7 million to the commercial navigation
industry. The effects would be highly variable depending upon the year and
when ice conditions would close the channel naturally.

Transportation Infrastructure

Winter drawdown should have no effect on the highway and railroad bridges
in pool 8. These bridges are located in the upper end of the pool above river
mile 697 where the maximum drawdown would be 4 feet or less below normal pool
elevation.

Railroads run adjacent to pool 8 on both sides of the river. A potential
stability concern with a drawdown (especially a large drawdown) would be if
large areas of water were trapped landward of the railroad embankment. This
trapped water would apply lateral forces to the embankment that could lead to
failure. A review indicates there are no large areas of water lying landward
of the railroad embankments in pool 8, especially in the lower portion of the
pool where the largest drawdowns would occur.

Water Appropriations

Winter drawdowns should have no adverse effect on water supply at the
French Island generating station. Even if the pool were fully drawn down,
Black River. flows passing the Lake Onalaska spillway would still be in the 500
to 800 cfs range which would more than suffice for the station’s needs. The
station’s intake pipes would still be submerged by more than 6 feet even under
low flow conditions.
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Real Esgtate

The Government would not have to acquire additional real estate rights to
draw the pool down. Non-Government riparian owners may claim their property
values or the property itself is being adversely affected due to aesthetic
effects, lost recreational opportunities, the need for cross fences on
pastures, etc. These would have to be evaluated on a case-by-case basis.

Conversely, improvements in habitat quality could increase property
values for riparian owners.

Recreation

Winter drawdowns could have negative effects on ice fishing, to the
extent that available areas for fishing would be reduced. Long-term benefits
to recreationists would be expected, to the extent that improvements to fish
and wildlife are realized. These effects are not defined well enough to be

quantified.
Aesthetics

The aesthetic effects of a winter drawdown would be highly variable
depending upon the extent of the drawdown and winter weather conditions. The
larger the drawdown, the more exposed area there would be. If the drawdown
occurred during a winter with little or no snow, it would be more visually
evident. Conversely, a heavy snow cover would tend to mask the drawdown.

Cultural Resources

A significant winter drawdown has the potential to affect cultural
resources in pool 8. The general issues of site inundation and erosion as
discussed later in this report for growing season drawdowns pertain here. Any
fluctuations in the pool’s levels should be accompanied by site monitoring and
a mitigation plan. The use of heavy equipment to build berms or excavate
channels or ponds would require cultural resources surveys in advance of any
work. The potential to affect cultural sites increases with the level of
ground disturbance and the extent of drawdown.




Implementation Procedure

Implementation of a winter drawdown would require a feasibility level
study and approval through Corps of Engineers channels. Congressional action
would be required because use of this management technique would not be in
compliance with the Anti-Drawdown Law.

The "Anti-Drawdown Law" passed by Congress on March 10, 1934 prevents
drawdowns of the pool for flood control purposes. The act, entitled "An act
to promote the conservation of wildlife, fish and game, and for other
purposes, " was amended by Public Law 732 on August 14, 1946 and by Public Law
697 on June 19, 1948 to include the following new section.

16 U.S.C. 665a applies directly to the St. Paul District in its provision
that:

In the management of existing facilities (including locks, dams, and
pools) in the Mississippi River between Rock Island, Illinois, and
Minneapolis, Minnesota, administered by the United States Corps of
Engineers of the Department of the Army, that Department is hereby
directed to give full consideration and recognition to the needs of fish
and other wildlife resources and their habitat dependent on such waters,
without increasing additional liability to the Government, and, to the
maximum extent possible without causing damage to levee and drainage
districts, adjacent railroads and highways, farm lands, and dam
structures, shall generally operate and maintain pool levels as though
navigation was carried on throughout the year.
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SPRING POOL RAISES

In years of low spring flow, water levels would be raised to benefit
species that make use of flooded habitats.

Hydrologic/Hydraulic Changes

The existing fixed crest spillways at Lock and Dam 8 are at elevation
631.0. Raising the pool above this elevation at the dam would require adding
flashboards for a small temporary pool raise. Annual raises of the pool or a
raise that is more than 1 foot above the existing fixed crest spillway may
require permanent modifications to the fixed crest spillways and stilling
basins. Pool raises above 2 to 3 feet may not be possible to maintain for low
discharges without major modification to the tainter gates, roller gates and
gate sills.

Water Quality

An intentional spring pool raise would inundate some floodplain
terrestrial areas. Suspended materials would settle out in the overbank
areas, and dissolved organic materials would be leached into the water from
the flooded vegetation and soils. Large quantities of leaves and woody debris
would be transported from the floodplain into backwater and channel areas.
These phenomena occur during natural spring floods and would not impose any
adverse effects.

Ecological

An intentional pool raise in the spring during years with minimal spring
runoff could be employed as a management measure to increase productivity of
riverine life through a controlled "flood pulse." The pool level could be
raised to provide flooded terrestrial vegetation used by northern pike and
walleyes for spawning. The pool level could be maintained at a higher and
gradually declining level into early June, providing good habitat conditions
for young-of-year fish, waterfowl broods, and wading birds. This water level
management could have a minor but positive effect on abundance of fish and
other organisms dependent on flooded vegetation habitats in the spring.

Operations

An intentional raise of water level during spring above project pool
level would require modifications to the overflow spillway and perhaps the dam
gates, such as flashboards, in order to attain the higher pool levels.
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Additional efforts required of the lock and dam staff could be substantial, if
expendable flashboards were used along the crest of the overflow spillway and
on the top of the dam gates.

Implementation of this alternative would likely require additional effort
on the part of water control personnel to minimize the effects on the
remainder of the system.

Channel Maintenance

No adverse effects on channel maintenance would be expected from a spring
pool raise.

Commercial Navigation

No adverse effects on commercial navigation would be expected from a
spring pool raise.

Transportation Infrastructure

Increasing spring water levels would not be expected to have any effects
on the transportation infrastructure in pool 8.

Water Appropriations

Increasing spring water levels would not be expected to have any effects
on the water intake to the French Island generating station.

Real Estate

Spring pool raises would not have any adverse real estate ramifications
as long as the water levels did not exceed the limits of Federal fee title or
easement boundaries. An intentional raise above project pool levels that
exceeded the existing flowage easement boundaries would require obtaining real
estate rights of use, either flowage easements or agreements with landowners.
In addition to the actual cost of the real estate rights, there would be
surveying and administrative costs associated with the acquisition. These
costs cannot be quantified without further detailed study.
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Recreation

Increasing spring water levels would have no noticeable effects on
recreation. Long-term benefits to recreationists would be expected, to the
extent that improvements to fish and wildlife are realized. These effects are
not defined well enough to be quantified.

Besthetics
Spring pool raises would not be expected to have any appreciable visual
effects. Spring high water is a normal condition on the river, and most river

users, unless made aware of it, would probably not even realize the high water
was a managed condition and not a natural event.

Cultural Resources

Raising the pool level in the spring has the potential to affect cultural
resources in pool 8. As Lock and Dam 8 is eligible for the National Register,
any modifications to the dam would have to be coordinated with the Wisconsin
State Historic Preservation Office and the Advisory Council on Historic

Preservation.

Implementation Procedure

A feasibility study would be needed to establish the parameters that
would trigger a spring pool raise, its limits, and duration, properties
affected, real estate rights of use that need to be acquired, modifications to
the dam needed, and river regulation strategy. A plan to conduct intentional
spring pool raises would have to be approved by Corps of Engineers
Headquarters. Congressional action could be needed depending on the magnitude
of the proposed operational modification.




CHANGE THE PRIMARY CONTROL POINT FROM MID-POOL TO THE DAM

Currently, when flows are less than 23,000 cfs, the pool is regulated to
maintain an elevation of 631.0 at the primary control point at La Crosse,
Wisconsin. At flows from 23,000 cfs through 95,000 cfs, the pool is in
secondary control with an elevation of 630.0 maintained at Lock and Dam 8. At
flows over 95,000 cfs, pool 8 is unregulated by the dam.

Under this alternative, there would be no primary and secondary control
points for pool 8. The pool would be regulated at the dam at elevation 631.0
for all flows up to the point where the gates are pulled and the pool becomes
unregulated. This is the method of pool regulation used for pool 10 and for
the navigation pools in the Rock Island District.

The alternative of regulating the pool at the dam at elevation 630.0
would be an option identified during the study by the WLMTF. This option was
not evaluated under this alternative because regulating the pool at elevation
630.0 would be a "drawdown" in comparison to existing conditions. The 1-foot
drawdown evaluated under the growing season drawdown alternatives generally
depicts conditions where the pool is regulated at elevation 630.0.

Hydrologic/Hydraulic Changes

Changing the primary control point from mid-pool to the dam would require
changing the primary and secondary pool elevation to 631.0. Changes in water
surface profiles for three levels of discharge are shown on figure 5-2. Under
this method of operation, the gates would not have to be lifted out of the
water until a discharge of 105,000 cfs was reached, as compared to 95,000 cfs
under current operating procedures.
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Water Quality

A change in the control point to the dam and the associated rise in water
levels in the downriver portion of the pool would have the short-term effect
of continuously inundating what were previously floodplain terrestrial areas.
The terrestrial vegetation would be killed, and organic materials would be
leached from the soil and senescing vegetation into the water. This effect
would occur during the first month or two following change in pool regulation,
but would probably not be noticeable. The rate of water exchange in some
backwater areas would be slightly reduced by the somewhat higher pool water
surface, probably resulting in slightly greater algal densities during the
summer. The higher water levels would have the positive effect of reducing
the extent and frequency of winter oxygen depletion in shallow backwater
areas. The reduced magnitude and frequency of water level fluctuations
associated with a change in control point to the dam would also reduce the
rate of water exchange in shallow and single-inlet backwaters by reducing the
ntidal" exchanges that occur during changes in water level.

Ecological

Changing to control at the dam would result in a rise in water levels of
from 1 foot at the dam to less than 0.5 foot in the upper reaches of the pool.
The area affected by increased water levels could not be quantified within the
limits of this study. However, a rough approximation of the area that could
potentially be affected can be made as follows. The change in water levels
with a 1-foot drawdown at 22,000 cfs is nearly the mirror image of the change
in water levels associated with a change in the primary control point at
22,000 cfs. A l-foot drawdown at 22,000 cfs would expose about 4,600 acres.
If the assumption is made that the rate of change in pool topography and
bathymetry is relatively constant in the range of 1 foot of project pool,
then the change in primary control point could increase water levels to cover
an additional 4,000 to 5,000 acres in pool 8 when flows are at 22,000 cfs.

The area within the routine 1-foot drawdown zone in pool 8 includes about
2,800 acres of submersed vegetation and 1,200 acres of emergent aquatic
vegetation. Changing to control point at the dam would make this zone
continuously inundated to at least elevation 631.0 at all times. This change
would force the floodplain-terrestrial ecotone landward, resulting in a
vegetation response in the zone affected. Part of the areas that presently
support submersed aquatic plants will become too deep and revert to open water
without plants. Emergent aquatic plants would become established in areas
that presently support floodplain terrestrial vegetation. The accompanying
rise in water level and floodplain groundwater level would kill a band of
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floodplain forest trees in the lower half of pool 8. The species composition
of the rest of the pool 8 floodplain forest would probably change as a result

of the increased water level.

A change to control at the dam would also change the littoral processes
of wind and wave action, shoreline erosion, and sediment transport. The few
remaining islands in the impounded southern part of pool 8 would be subject to
increased wave attack and would rapidly disappear. The islands constructed
under the UMRS-EMP habitat rehabilitation and enhancement projects program in
the southern part of the pool would also be subject to increased water levels
and wave attack. Shoreline erosion associated with a rise in pool level would
probably stabilize within several decades.

The reduced water level fluctuations in the lower portion of the pool
associated with change to dam control would have some minor long-term benefit
in reducing the frequency of disturbance in littoral areas. The direct
relationship between river discharge and water level would be restored in the
downriver portion of the pool. The overall ecological benefits from a change
to dam control in pool 8 would be difficult to quantify.

Operations

Once the new method of operation was put into effect, no additional
effort would be required of water control or lock and dam personnel to
regulate pool 8.

Channel Maintenance

Initially, the higher water levels may reduce channel maintenance
requirements. The change in pool operation would reduce the gradient in the
pool which, over time, could result in less scour and increased channel
maintenance requirements. Therefore, as the river adjusted to the new
conditions, channel maintenance requirements could stabilize similar to
present-day conditions or be increased. It is unlikely that channel
maintenance requirements would decrease under this alternative.

Commercial .Navigation

The slightly higher water levels would probably provide some initial
benefits to commercial navigation by providing additional depth of water for
navigation. As the river adjusted to the new water management regime, channel
conditions for commercial navigation would likely return to nearly the present

situation.




Transportation Infrastructure

Because the change in water levels would be less than 1 foot over most of
the pool, no adverse effects on the transportation infrastructure would be
expected.

Water Appropriations

Changing the pool control point would not be expected to have any effects
on the water supply intake to the French Island generating station.

Real Estate

Changing the primary control point in pool 8 from mid-pool to the lock
and dam would have the general effect of raising pool levels in pool 8 (figure
5-2). At flows of 22,000 cfs, the pool would be raised about 0.8 foot at the
dam and 0.5 foot in the upper reaches of the pool. At 40,600 cfs, the
corresponding increases would be 1.0 foot and 0.3 foot. At 75,500 cfs, they
would be 1.0 and 0.1 foot, respectively.

Below river mile 696.85, the additional area affected by changing the
primary control point may or may not be within the limits acquired in fee
title or by flowage easement by the Federal Govermment. It is readily evident
from flowage survey maps and real estate maps that the Corps of Engineers
acquired property above the project pool elevation of 631.0. Much of this
appears to be the result of "squaring off" parcels when they were purchased.
Determining how much additional property may have to be acquired downstream of
river mile 696.85 is beyond the scope of this study.

A worst case analysis was performed by determining how much of the
floodplain in pool 8 below river mile 696.85 is in non-Federal ownership.
Based on the Land Use Allocation Plan, it appears that less than 700 acres are
not owned either by the Corps of Engineers or the U.S. Fish and Wildlife
Service. Therefore, the "worst case" scenario is that changing the pool
control point would require the Federal real estate rights of use, or flowage
easements, for an additional 700 acres in pool 8 below river mile 696.85.

As noted earlier, the Corps of Engineers did not acquire any real estate
or flowage easements above the primary control point. In the 5.4-mile reach
between the primary control point and Lock and Dam 7, the U.S. Fish and
wildlife Service acquired a considerable amount of land in the floodplain.
Based on the Land Use Allocation Plan, there is, at maximum, approximately
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1,000 acres in the pool 8 floodplain above river mile 696.85 that is not
‘federally owned. From a worst case perspective, this would be the maximum
amount of land the Federal Government would have to acquire in fee title or
flowage easement above river mile 696.85 with a change in pool control point.
The actual figure would probably be considerably less.

In summary, changing the primary control point in pool 8 from mid-pool to
Lock and Dam 8 would likely require the acquisition of additional fee title
lands or flowage easements by the Federal Government. In the worst case, fee
title acquisition or flowage easements could be required on as much as 1,700
acres. In actuality, the requirements would probably be considerably less.
The change in water surface elevation on the land peripheral to the pool
associated with a change to control at the dam would impose only limited
further restrictions on real estate use by private landowners, and would
convey some improvements in the way of reduced water level fluctuations.
Landowners aware of this potential for change may be willing to sell or donate
flowage easements, thereby avoiding the high cost of fee title acquisition.

The U.S. Fish and Wildlife Service is acquiring some additional tracts of
floodplain habitat in lower pool 8. Current appraisals place the land values
at $400 to $500 per acre (Nissen, 1996). Using the worst case approach,
acquiring 1,700 acres at $500 per acre would cost approximately $850,000.

Real estate acquisition procedures can be costly, requiring appraisals,
surveys, and possibly condemnation. It is not considered unreasonable to
assume that administration costs would approach the actual land costs,
especially if minor flowage easements would have to be obtained on a multitude
of individual riverfront properties in the La Crosse area. For purposes of
comparison with other altermatives in this report, it is assumed that total
real estate costs associated with this alternative would be about $1,500,000.

Recreation

Changing the primary control point from mid-pool to the dam could have
positive effects for boaters to the extent that the higher water improves
access to backwater areas. Conversely, incr